Studies on the construction of O-heterocycles from carbohydrates via 1,3-dipolar cycloaddition. by Fung, Wing-chuen. & Chinese University of Hong Kong Graduate School. Division of Chemistry.
Studies on the Construction 
of 0-Heterocycles from Carbohydrates 
v i a 1,3-Dipolar Cycloaddition 
by Mr. FUNG Wing-Chuen, B.Sc.(Hons) 
A thesis submitted to 
the Chemistry Division, Graduate School, 
The Chinese University of Hong Kong 
in the partial fulfilment of the requirements 
for the degree of 
Master of Philosophy 
(1994) 
Thesis Committee: 
Dr. H. N. C. W^rng (Chairman) 
Dr. T. K. M. Shing ' 
Dr. M. K, Leung 







 • 6 
\ 2 \ 
冰⑵ ^
 p \ 
Abstract 
Intramolecular 1,3-dipolar cycloaddition of nitrones derived from 3-(9-allyl-l,2-
0-isopropylidene-a-D-pentodialdofuranoses affords either oxepanes or 
tetrahydropyrans selectively and the regioselectivides are assumed to be dependent only 
on the respective transition state energies of the cycloaddition. Intramolecular 1,3-
dipolar cycloaddition of nitrones derived from 3-0-allyl-D-hexoses also affords 
oxepanes or tetrahydropyrans selectively: nitrone with r/ireo-configuration at C-2,3 
gives six-membered rings whereas those with erythro-conriguvsLtion afford seven-
membered rings. The role of the hydroxyl group adjacent to the nitrone moiety is 
shown to be insignificant. Other nitrones which cyclize to give either 7-membered or 
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Abbreviat ion 
[a] specific rotation 
Ac acetyl 
Bn benzyl 
°C degree Celsius 
calcd calculated 
cm cenlimeter(s) 
5 chemical shift in parts per million down field from 
tetramethylsilane 
d day(s) 
CSA (±)-l()-Camphorsulfonic acid 
DMAP yV-dimethylamino) pyridine 
DMF M//-dimethylformamide 
EI electron impact (in mass spectrometry) 
Et ethyl 
g gram(s) 
h hour(s) 、 
Hz ‘ hertz 
IR infrared 
J coupling constant (in NMR) 
m multiplet (spectral), milli 
Me methyl 
MHz megahertz 
MS mass spectrometry 
m/z mass per unit charge 
mp melting point 
min minute(s) 
NMR nuclear magnetic resonance 
V 
PDC pyridinium dichromate 
Ph phenyl 
ppm parts per million (in NMR) 
q quartet 
Rf retention factor (in chromatography) 
It room temperature 
s singlet (NMR) 
TBAI tetrabutylammonium iodide 
TBDMS ？grr-butyldimethylsilyl 
TFA tritluoroacetic acid 
THF tetrahydrofuran 
TLC thin layer chromatography 
Ts p-toluenesulfonyl 




1.1 Natural 0-heterocycIes 
Many 0-heterocycles occurred widely in nature and are attractive targets for 
synthesis, e.g. hemibrevetoxin B 21,2 and zoapatanol 1.4’5’6 
Zoapatanol, isolated from the zoapatle plant, has been shown to exhibit 
significant anti-fertility activity in several animal species.4 This biological activity in 
conjunction with its novel structure initiated several independent research groups to 
participate in its total synthesis. 
/ S . O H 0 
zoapatanol 1 
\\ hemibrevetoxin B 2 
1 
The key step in synthesis of zoapatanol by Cookson^ involved a 
stannic chloride catalyzed isomerisation of the epoxy diol 3 to the oxepane 4 with 
inversion of configuration at the tertiary carbon atom. 
OBz OH OH 
L 58% ) 
OH = 0 3 4 
1 
Hemibrevetoxin B is a member of the 'red tide' associated class of marine 
neurotoxin.?,^ The first total synthesis of this structurally novel molecule in its natural 
form was performed by Nicolaou.^ Part of the synthetic scheme is shown below: the 
ester 5 was obtained from man nose in several steps. 2 Sequential ester hydrolysis and 
desilylation of 5 followed by lactonization using the Yamaguchi protocoP furnished 
lactone 6. Elaboration of lactone 6 using their previously described technology of 
thionolactactone formation followed by organometallic reagent addition and a sulfur 
elimination sequence, furnished the enol ether 7 in 70% overall yield 
3 H = H f 
H H 〇Bn 〇/ H H 〇B门 
5 6 
b 
- H 〇Bn 
7 
(a) i, 1.5 equiv of LiOH.HzO’ THF-H2O (1:1), 92%; ii, 1.2 equiv ofTBAF，THF, 95%; iii, 1.1 equiv 
of 2,4,6-trichlorobenzoyl chloride, 1.5 equiv of TEA, THF, Ih then 6 equiv of DMAP, benzene, 97% 
(b) i, 2 equiv of Lawesson's reagent, toluene, 82%; ii, 3 equiv of TBSO(CH2)4(2-Th)(CN)CuLi2，ether, 
4 equiv of I(CH2)4l，5 equiv pempidine, 85%. 
Ciguatoxin 8 was first isolated in 1980 by Scheuer's group at the University of 
Hawaii and characterized to be a polyether compound.^ An inadequate amount of 
material, however, prevented this group from determining its structure. 
2 
’ The structure of ciguatoxin was finally eludcidated by Yasumoto's group in 
1989.10 For that study the toxin was extracted from moray eels collected in French 
Polynesian waters.n With no more than 0.35 mg of 8 and 0.75 mg of a congener 
(CTX4B, 9; formerly gambienoxin 4b), their structures were successfully solved to be 
the polycyclic ether 8 and 9，respectivity. Since 1989，chemical studies on ciguatera 
toxins have made rapid strides. Ciguatoxin congeners have been isolated either from 
toxic fishi2 or from cultured G. toxicus (CTX 3C, 10).^^ Futhermore dozens of 
ciguatoxin analogs have been found in fish and in the dinoflagellates,^^ Although only 
a few of them have been identified with regard to strucmres. 
Me 
r / 
1 8 Ciguatoxin Ri= -CH(0H)CH20H; R2= OH 




Brevetxin B 11 is the first member of the unique class of natural p r o d u c t s . 15 its 
structural feature is a ladderlike skeleton consisting of trans- fused polyether rings. The 
toxin was isolated from the cultured cells of Gymnodinium breve as one of ichthyotoxic 
constituents. The structure 11 was determined by X-ray crystallography.】5 
HO \\ 
。 ^ t e f t e ^ 。 " 。 
Me V . . ^ 
11 Brcvcioxin-B 
HO 
； V ^ 。 0 。 i : > V H 
12 Brcvcioxin-A 
Brevetoxin A 12 is the most potent icthyotoxin among the toxins produced by G. 
breveM Its lethality against zebrafish is reported to be 3 ppb. The structure of 12 was 
also elucidated by an X-ray study.】？ The intriguing structural feature in 12 is its fused 
middle-membered rings. NMR signal due to nuclei in ring E, F and G were extremely 
broad, indicating that the rate constant for the conformationl changes fell within the 
range of NMR time scale (1-100 ms). The X-ray data have revealed that two 
conformers for ring E exist, even in the crystal state.i9 
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1.2 Methods for the construction of 0-heterocycles 
Many methods have been used to construct 0 -heterocycles, e.g. 
iodocyclization，7,8 intramolecular hetero-Michael Addition,20 intramolecular opening 
of epoxide^i (Williamson ether synthesis^^), cyclization of hydroxyl dithioketals^^ and 
intramolecular allylic tin-aldehyde c o n d e n s a t i o n . 24 Stereocontrolled synthesis of the 
oxepane ring in the 7,7,6,6-tetracyclic ether skeleton of the hemibrevetoxin skeleton 
was shown below: 
SnBu3 OBn ^ H _ 
OBn r ^ H H 0 . A / 
C o ^ ^ o ^ BP3.0H.. Y T T V ^ H 
Y t 〇 i ^ ‘ 95% ^Bn 二 
OBn 
13; R=CH20H 15 
14; R=CHb 
SEt R 
H E t S v ^ ^ Z “ \ NCS-AgNOs 
〇H \ / silica-molecular ^ ^ OH \ / 
y V " 〇 sieves • \ ^ 〇 
H , 2 c 『 ’ ^ o d v V ' 




S r I v V 
Me 18 
5 
Cyclization of hydroxyl d i t h i o k e t a l s ^ ^ have been used in construction of 
oxocenes. The key steps were shown below: the hydroxyl dithioketal 16 was treated 
with A^-chlorosiiccinimide in acetonitrile, molecular sieves, silica gel and in the 
presence of 2,6-lutidine to give the reactive intermediate 17. The sulfonium 17 was 
captured intramolecularly by the hydroxyl group to afford 18 in 95% overall yield. 
Activation of 1-endo over 6-exo hydroxy epoxide opening by placement of an 
electron-rich double bond furthest away from the hydroxyl group leads to a reliable 
entry into trans-oxepane system, the scope and limitations of the method are discussed 
and extensions to bicyclic systems are presented by Nicolaou.-^ 
Table 1: Acid-Catalyzcd Cyclization of trans-Hyclroxy Epoxides Leading to 
Oxepancs and Tetrahyclropyrans 
/ “ \ H o V “ \ r ^ 
) ^ ' X 〕 H 0 4 ^ 0 J 
R \ 〇 R + 〇 Z T H U 
H H ^ R 
7-endo 6-exo 
Entry Hydroxyepoxide Conditions Products (Ratio) Yield(%) 
1 23: R=CH2CH2C02Me CSA, CH2CI2 24:25 (0:100) 70 
2 19: R=E-CH=CHC02Me . 26:27 (27:78) 75 
• 3 20: R= CH=CH2 28:29 (82:18) 75 
4 21: R= Z-CH=CHC1 30:31 (60:40) 70 
5 22: R= Zr-CH=CHC1 32:33 (92:8) 75 
The trans hydroxy epoxides 19-23 were subjected to acid-catalyzed cyclization 
according to the protocol developed for their lower homologues. The results are 
summarized in Table 1. as expected on kinetic grounds, the saturated substrate 23 
upon exposure to catalytic amounts of CSA, led exclusively to the tetrahydropyran 
system, isolated as its 丫-lactone，in 70 % yield. In contract, the a, P-unsaturated 
hydroxy epoxide 19 gave, under the same conditions, a mixture of oxepane and 
6 
tetrahydropyran systems 26 and 27 in a ratio of 22:78. The more electron-rich double 
bond in 20 exerted even stronger directing effect in the cyclization of this substrate, 
producing, under similar conditions, a ca. 82:18 mixture of 28:29. In an attempt to 
enhance even futher this selectivity toward the oxepane, the Z-chloro olefin 21 
exhibited lower selectivity toward the oxepane system (30:31 ca. 60:40) whereas, the 
corresponding E isomer 22 furnished 32 and 33 in ca. 92:8 ratio. While the increased 
selectivity toward the oxepane in the case of 22 was in the line with the higher electron 
density of its alkene Ti-system, the anomalous behaviour of 21 may be attributed to its 
inabilaty to attain planarity, due to the steric interaction; nonplanarity is translated in a 
lower capacity to stabilize the deloping positive charge on the adjacent carbon and thus 
in loss of selectivity. 
The use of an intramolecular hetero-Michael addition of enantiomerically enriched 
7-alkoxy-4-benzoyloxy-2,3-unsaturated esters for the synthesis of endo-subsmuiQd 
oxepane is described by Martin.^^ The stereochemistry in the cyclization step is 
governed by the geometry of the double bond in the unsaturated ester and the presence 
of a Z-double bond in the linear chain is required in order to achieve good yields. 
= 7 O ^ l v Y ^ C O s M e 
COgMe H 
3 4 / - ^ O B z 
34 NaH / 
THF \ / ( v ^ C O s M e ‘ 
〇H 
36 
The hetero-Michael reaction leading to the seven-membered ring should be 
thermodynamic ally disfavoured. This proved the case when Martin treated the a,p-
7 
unsaturated ester 34 under basic conditions, because instead of the desired oxepane 
35，the 汉otetrahydropyran 36 was obtained, probably by a benzoate participation. It 
is well known, however, that the introduction of a Z-double bond in a linear chain 




k COgMe 、 八 八 
〉 THF O ^ ^ Y ^ ^ O ^ M e 
OH 〇已z 
37 38 
H OBz H OBz 
~ ^ TBAF / I + 
X j C〇2Me ~ - \ _ 〇 / J ^ C 〇 2 M e 、 CO^Me 
OSiPhgBu-/ H OH 
39 40 37 
However, when 37 was submitted to basic conditions (NaH, THF, -78C) again 
the exo-oxane 38 was obtain, surprisingly, when he tried to removed the silyl 
protection in 39 under standard conditions using TBAF the trans-oxepane 40 was 
obtained as the only stereoisomer in 75% isolated yield with a small amount of the free 
alcohol 37. 
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1.3 Intramolecular nitrone cycloaddition in the construction 
of 0-heterocycles 
The use of intramolecular nitrone c y c l o a d d i t i o n ^ s (INC) of 0-allyl-nitrones 
derived from D-glucose in the construction of O-heterocycles has been reported by 
Collins26 and by Bhauacharjya27’28 recently. A l，3-dipole is a system of three atoms 
which contains four n electrons as in the allyl anion system. The l，3-dipolar 
cycloadditions are best rationalized in terms of frontier orbital interaction and are 
considered to be the most useful method for the synthesis of five-membered 
heterocyclic ring systems containing one or more hetero atoms. The reactants are 
oriented in a two-plane complex and interact via their Ti-orbitals in a 7t;4s-7c2s process. 
On the other hand, the effects of solvent polarity on the reaction rate are small, and is 
indicative of the absence of zwitterionic intermediates in the transition state.” 
贊 4 
1,3-dipole — 冗 / 、 e 
象 — 《 J 
1 
The application of intramolecular nitrone cycloaddition^^ (INC) reaction to sugar 
was first applied by Tronchet-^ to produce furanose isoxazolidines. Other research 
groups developed intramolecular 1,3-dipolar additions to form highly substituted 
homochiral carbocycles.26,27’28 Collins extended the intramolecular reactions with 
sugar derivatives to create homochiral pyrano-pyan and pyano-oxepan. The key steps 
of his work are shown below: 
The 6-aldehydo-glucopyranoside allyl ether 41 was treated with N-
benzylhydroxylamine to give nitrones 42 and 43，which underwent the 1，3-dipolar 
addition to the 4-(9-allyl group, giving after deprotection and hydrogenolysis, the chrial 
9 
pyrano-pyan 45 and the pyano-oxepan 47 in the ratio of 2 to 1. 
〜〕HC 丫 0 丫 0 : 隨 『 丨 + Y 。 ’ • 鼻 （ f J ^ O 丫。Me 
OR 〇R OR 
41 42 43 
I I 
, 0 -广 ？n 
、 . ^ 丫 〇 M e oue 
、 “ i V 、 R + V o ^ V ' - O R 
OR ^ OR 
•, . I , , … 「 4 4 R = CH.CH=CH. " " 46 R = CH2CH=CH2 
tn(triphenylphosphine) ^0% " 26% 
rhodium chloride,TsOH > ^^ R _ H 47 r = h 
The structures of these compounds were derived from their ^H- and ^^ C- NMR 
spectra. The features which distinguished between the two regioisomers 45 and 47 
was the presence, in the spectrum of the major compound, of a high field one proton 
multiplet at 6h 3.02 coupled to five other protons and a methine carbon signal at 5c 
42.12 (DEPX), which would be expected for the C-y methine in the fused structure. The 
minor component on the other hand exhibited two field geminally coupled (12.5Hz) 
proton signals at 5h 2.42 (dt) and 5h 2.18 (d) and a methylene carbon signal at 5c 
30.66 (DEPT), which would be expected for the C-y methylene in the bridged structure. 
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HO-j Bn Bn 
HOl'i i. AcOH-HoO (3:1) 二N=| ^ 
y > 丨 桑 H 2 0 , Y 。 〉 、 � 
\ A / C 〇 iii, BnNHOH 象 ° ^ 
^ V ^ o benzene ^ V ^ Q 〇 一 ^ 、 ^ ^ 。 
mol. sieves - ^ 
48 49 
In 1990，Bhattcicharjya27 reported that the intramolecular 1,3-dipolar 
cycloaddition of A^-benzylnitrone 49 of 3-0-allyl-D-gliicose 48 in ethanol under reflux 
followed by acetylation of the crude product gave rise to a chrial oxepane derivative 23 
in 55% yield. The complete structure and stereochemistry of 50 were established by 
an X-ray crystallographic analysis. 
Bn Bn 
CHO +N-0- » 
h o H fz 入 。 
^ ^ 0 — BnNHOH 一 O H acetylation AC〇 / \ • 
^ 二 S I 一 一 O H ^ ^ ^ A 込 7 
CH,OH - O H A c O ^ ^ Y ^ O 乂 
CH2〇H OAC “ 
51 52 53 
Three years later, Bhattacharjya^^ used D-glucose as a starting material in > 
nitrone cycloaddition. The key reaction in his synthesis involved the nitrone 
cycloaddition of "-benzylnitrone of 3-(9-allyl glucofiiranose 52 derived from 51 to 
give 53 in 55% yield. 
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2. Results and discussion 
2.1 Introduction 
The results of my undergraduate thesis are listed in Table 2. The p-allyloxy-
nitrones 55 and 58 cyclized to give pyran 56 and oxepane 59，respectively. We 
wanted to find out the stereochemical factors controlling the regioselectivity of the INC. 
The three nitrones, 67 (Scheme 1)，76 (Scheme 2) and 83 (Scheme 3) with different 
stereochemistries at a or |3 carbon were synthesized and the stereochemical outcome of 
the INC reactions were compared with those of the nitrone 55 and 58. 
Table 2 Research work in W.C. Fung's undergraduate thesis 
Presusors Nitrones Products Y ie ld 
。 H V > 。 - 。 〜 > r W > 。 
54 - -
\ 56 
OHC ^ + h\z=» \ 
^ o H ^ ^ o H f 64% 
57 C O 




The results of nitrone cycloaddition of the three nitrones, 67, 76 and 83 are 
listed in Table 2 (page 20). The explanation for such selectivity will be discussed in 
the conclusion. 
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2.2 Synthesis of 68，77, 84 via INC 
The synthetic schemes for the corresponding aldehydes are shown below. All the 
nitrones employed in the cycloadditions were formed from condensation of the 
corresponding aldehydes and /V-methyl hydroxylamine. The task was to synthesize the 
corresponding aldehydes. 
Oxepane 68 
Diacetone glucose 61 was oxidized by collins' reagent to give 62. The hydrated 
ketone 62 was reduced with sodium borohydride in aqueous methanol-^ at 0 °C to give 
the allose derivative 63 in 96% yield as colourless crystals. The alcohol 63 was heated 
under reflux with sodium hydride and allyl bromide in dry THF to afford the O-allyl 
ether 64 in 96% yield as pale yellow crystals. The isopropylidenes in 64 were 
selectively hydrolyzed in 90% aqueous acetic acid^^ to give 65 as pale yellow crystals 
in 84% yield. Oxidative cleavage of diol 65 with sodium metaperiodate in aqueous 
methanol afforded 66 as a pale yellow syrup in 80% yield. N-Methyl hydroxylamine 
was condensed with aldehyde 66 to form nitrone 67 and intramolecular cycloaddition 
took place at 8 0 � C to afford 68 in 96% yield as colourless crystals. The 
regioselectivity of the cycloaddition was indicated by the two high field geminally 
coupled (12.8 Hz) proton signals at 5h 2.10 (d) and 5h 2.52-2.63 (m), and the 
methylene carbon signal at 6c 25.6 (DEPT), which would be expected for the 
methylene in the bridged structure. The stereochemistry of the oxepane 68 was 
confirmed by an X-ray diffraction analysis (see appendice 1). 
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X " 、 
H o H - f , HO、、b 卜 
6 1 62 63 
。 H O ^ 
>< 1 . H 〇 " \ o 〇 H C 。 
V o H 各 V c ? V o 、 、 ’ , 0 卜 
64 65 66 
67 68 
Scheme 1 
i ,PDC’4人 molecular sieves, AcOH, CHoClj ii, NaBH;, MeOH-H^O iii, NaH, allyl bromide. THF 
iv, 90% aq.AcOH v, Nal04, dioxanc-waicr vi, MeNHOH.HCl, NaHCO：}, 80% aq.EtOH 
Pyran 77 
The hydrated ketone 69 was treated with acetic anhydride in pyridine in 75 °C to 
afford 70 in 70% yield as'colourless crystals. Hydrogenation of 70 with palladium on 
charcoal in ethyl acetate34 afforded 71 in 99% yield as colourless crystals. The acetate 
in 71 was removed by treatment with basic ion exchange resin Amberlite IRA-400 
(OH) in methanol to give 72 in 96% yield as colourless crystals. Allylation of 72 gave 
73 in 87% yield as colourless crystals. Selective hydrolysis of the isopropylidene 
rings and oxidative cleavage of diol were combined in a single step using periodic acid 
in diethyl e t h e r 3 7 and converted 73 into 75 in 74% yield as a pale yellow syrup. The 
nitrone 76 derived from 75 cyclized at 80 °C to give 77 in 88% yield as colourless 
crystals. The lowfield methylene carbon signals at 5c 65.24 and 67.00 (DEPT) would 
be expected for the two oxygen-substituted carbons. The stereochemistry of the pyran 
77 was confirmed by an X-ray diffraction analysis (see appendice 2). 
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O H b - j k AC〇 b 个 Ac〇、、 
69 70 71 
V O ^ 、 • ’ 「H〇， 
iii 广0、” V ^ 〇 、 iv Ad、”L / O ^ V H O " 、 O ^ ~ ^ O o — v y - ' t ： 
HO、b-Jk < ^ 〇 、 、 b - ^ ^^〇、、 
74 
72 73 L J 
— 。 H C ' ' 0 , , 。 卓 < ! > 。 l — 牧 1 
V o 、 、 b ^ V c f 
IS 76 ” 
Scheme 2 
i, acetic anhydride, pyridine ii, Pd(C), H2 iii, (OH) resin, methanol iv, NaH, allyl bromide, THF 
V，periodic acid, elhcr vi, MeNHOH.HCl, NaHCO�，80% aq.ElOH 
Oxepane 84 
1 
Acetonation of D-galaciose 78 with acetone and anhydrous copper sulphate in 
DMF36 afforded 79 in 18% yield as colourless crystals. Allylation of 79 gave 80 in 
85% yield. Selective hydrolysis of isopropylidene rings and oxidative cleavage of diol 
were combined in a single step using periodic acid in diethyl ether and converted 80 to 
82 in 78% yield as a pale yellow syrup. The nitrone 83 derived from 82 cyclized at 80 
°C to give 84 in 38% yield. The regioselectivity of the cycloaddition was indicated by 
the two high field geminally coupled (12.7 Hz) proton signals at 5h 1.94 (d) and 5h 
2.53-2.61 (m). The methylene carbon signal was found at 5c 30.03 (DEPT), which 
would be expected for the C-y methylene in the bridged structure. The stereochemistry 
of the oxepane 84 was confirmed by an X-ray diffraction of its single crystal (see 
appendice 3). 
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78 79 80 
" H O 1 
ii. HO 丨丨 〇 ^ iv - 〉 N + = > z / 〇 \ 
L ' J L . 
81 82 83 
— • " ' . s > 。 
84 Scheme 3 
i, acctone, DMF, CUSO4 ii, NaH, allyl bromide, THF iii, periodic acid 
V’ MeNHOH.HCl, NaHCO]，80% aq.EtOH 
2.3 Acyclic INC of nitrones 
As prompted by the work of Bhattacharjya (see page 4)，we wanted to find out if 
the substituent on the nitrone would affect the regioselectivity and constructed nitrone 
87 (/V-methyl nitrone) to compare with nitrone 49 ("-benzyl nitrone). 
Oxepane 89 
Hydrolysis of (9-allyl diacetone glucose at 100 °C afforded 86 in 65% as a sticky 
white solid. The nitrone 87 derived form 86 cyclized at 80 °C to give 88 and it was 
acetylated to give 89 in 55% yield from 86. The regioselectivity of the cycloaddition 
was confirmed by the two high field geminally coupled (12.5 Hz) proton signals at 5h 
2.55 (d) and 5h 2.28-2.45 (m). The methylene carbon signal at 5c 27.08 (DEPT) 
16 
would be expected for the methylene in the bridged structure. The stereochemistry of 
the oxepane 89 was confirmed by an X-ray diffraction analysis (see append ice 4). 
The synthetic scheme of nitrone 87 and its cycloadduct are listed in Scheme 4. 
The oxepane 89 had the same regio-and stereoselectivity as that of 49, suggesting that 
the nature of the N-alkyl group has no effect on the regio- and stereo- selectivity of the 
cycloaddition. 
^ ^ ^ OH Z 〇H 
I 86 87 
O 3 
L \ 
A o 人 
H V ^ 〒 . . . AcO 
——HO T ) Ac〇 Y 7 
〇H H 〇Ac u 
88 89 
Scheme 4 
i, 30% aq. HCl ii, MeNHOH.HCl, NaHCOs, 80% aq.ElOH 
iii, AC2O, pyridine, DMAP 
The other three acyclic nitrones with different stereochemistry at a and p carbon 
and their corresponding cycloaddition products are shown in Scheme 5，6 and 7. 
Pyran 94 and Pyran 95 
The isopropylidene rings of 63 were hydrolyzed in 30% hydrochloric acid at 
100 to afford 90 as a sticky white solid in 70% yield. The nitrone 91 derived form 
90 cyclized at 8 0 � C to give 92 and 93. They were acetylated to give 94 (8.3% overall 
yield from 90) and 95 (33.3% overall yield from 90) as yellow syrups. For 94，the 
17 
three lowfield methylene carbon signals at 5c 62.38, 66.36’ 66.68 (DEPT) would be 
I 
I 
expected for the three oxygen-substituted carbons. For 95, the three lowfield 
methylene carbon signals at 5c 62.03, 66.49，67.09 (DEPT) would be expected for the 
three oxygen-substituted carbons. 
入 i ' 3 ^ 0 、 ii f h ^ ^ o h 0 -
w b f ^ r OH ^ r OH 
63 90 91 
\ ^ \ ^ N—〇 N - 0 
一 ： Y ^ 》 + h o ° v 9 . 
92 “ 93 ^ O 
AGO人、〉+ n f r ^ 
i i i O A c r 1 义 了 
Scheme 5 
i, 30% aq.HCl ii, McNHOH.HCl, NaHCOs, 80% aq.EtOH iir, AC2O, pyridine, DMAP 
Oxepane 104 
Methyl glucopyranoside 96 was treated with benzaldehyde dimethyl acetal and p-
toluenesulfonic acid hydrate in DMF^s at 60 °C to give 97 in 61% yield as colourless 
needles. The C-2 hydroxyl group was selectively tosylated with p-toliienesulfonyl 
chloride in pyridine^^ to give 98 in 32% yield as colourless crystals. Intramolecular 
nucleophilic displacement of the tosyl group by the neighbouring trans substituted 
hydroxyl group in a sodium methoxide solution^^ at 70 gave 99 in 86% yield as 
colourless needles. Diaxial opening of 99 at C-3 position using alkoxide derived from 
allyl alcohol at 100 � C afforded 1.00 in 90% yield as pale yellow crystals. Hydrolysis 18 
of 100 afforded 101 in 60% yield as a pale yellow syrup. The nitrone 102 derived 
from 101 cyclized at 80 °C to give 103 and it was acetylated to give 104 in 55% yield 
(fr yield(from (from 73) as yellow crystals. The regioselectivity of the cycloaddition 
(from 101) as yellow crystals. The regioselectivity of the cycloaddition was indicated 
by the two high field geminally coupled (12.4 Hz) proton signals at 5h 2.55 (d) and 5h 
2.35-2.45 (m). The methylene carbon signal was found at 5c 27.29 (DEPT), which 
would be expected for the methylene in the bridged structure. The stereochemistry of 
the oxepane 104 was confirmed by an X-ray diffraction analysis (see appendice 5). 
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07 98 
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八 r , h c T ^ ^ o ) a c o ^ V ^ O 乂 
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Scheme 6 
i, Benzaldehyde dimethyl aceuil, p-TsOH, DMF ii, p-TsCl, pyridine iii, Na, MeOH 
iv, Na, allylic alcohol v, 30% aq. HCl vi, MeNHOH.HCl, NaHCOs, 80% aq.EtOH 
vii, AC2O, pyridine, DMAP 
Pyran 112 
Benzylidenation of methyl D-mannopyranoside 105 afforded 106 in 61% yield 
as colourless needles. The diol 106 was treated with dibutyl tin oxide in methanol at 
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70 °C to give the dibutylstannylene 107 as a pale yellow syrup. It was acid sensitive 
and must be immediately used without further purification and characterization. Allyl 
iodide was added to a solution of 107 in DMF and heated to 100 °C to afford the allyl 
ether 108 in 70% yield (from 106) as a pale yellow syrup. Hydrolysis of 108 in 30% 
aqueous hydrochloric acid at 100 °C afforded 109 in 66% yield as a pale yellow syrup. 
The nitrone 110 derived form 109 cyclized at 80 °C to give 111 and acetylated to give 
112 in 55% yield (from 108) as a yellow syrup. The three lowfield methylene carbon 
signals at 5c 62.68，66.47, 66.32 (DEPT) would be expected for the three oxygen-
substituted carbons 
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Scheme 7 . 
i, Benzaldehydc 'dimethyl acetal, /j-TsOH, DMF ii, dibutyltin oxide, MeOH 
iii, allyl iodide, DMF iv, 30% aq. HCl v, MeNHOH.HCl, NaHCOs, 
80% aq.EiOH vi, AczO, pyridine, DMAP 
Pyran 123 
Methyl chloroformate and triethylamine were added to a solution of 65 in 
dichloromethane at 0 to afford the carbonate 113 in 97% yield as white crystals. 
The isopropylidene moiety in 113 was hydrolyzed in 90% aqueous trifluoroacetic acid 
and gave the lactol 114 in 87% yield as a colourless oil. The lactol 114 was treated 
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with sodium periodate in aqueous dioxane to give 115 in 80% yield as a yellow syrup. 
Sodium borohydride was added at 0 °C to give 115 in aqueous methanol to give 116 
in 90% yield as colorless oil. The carbonate moiety in 116 was removed by the a 
solution of sodium methoxide in methanol to give 117 in 100% yield as a sticky pale 
yellow solid. Selective acetonation of 117 in acetone with the presence of (±)-10-
camphor-sulfonic acid afforded 118 in 61% yield as a pale yellow syrup. The 
hydroxy 1 groups in 118 were protected by treatment with benzyl bromide and sodium 
hydride at 80 °C to give 119 in 84% yield as a pale yellow syrup. The isopropylidene 
ring in 119 was hydrolyzed in 90% aqueous iritloroacetic acid to give 120 in 72% 
yield as a colourless oil. Oxidative cleavage of diol 120 by sodium metaperiodate in 
aqueous dioxane afforded 121 in 82% as a pale yellow syrup. The nitrone 122 
derived from 121 cyclized at 80 °C to give 123 in 70% yield as colourless needles. 
The lowfield methylene carbon signals at 5c 40.14，43.68, 70.69, 73.69，78.61 
(DEPT) would be expected for the five oxygen-substituted carbons. 
Comparing the structures of the nitrones 110 and 122, we can see that their 
stereochemistries are very similar except that the 2-OH group of 122 was protected by 
a benzyl group. The regioselectivity of these two nitrones was hence the same. It 
appears that the hydroxyl group was unimportant in the control of the regioselectivity. 
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Scheme 8 
i, MeOCOCl, TEA, CH2CI2，ii, 90% aq.TFA, iii, NalO*’ dioxane-waicr 
iv, NaBH4，MCOH-H2O v, McOH, NaOMe.vi, acetone, CSA, vii, BnBr, NaH, TBAI，THF viii, 
90% aq.TFA ix, PDC, 4入 molecular sieves, AcOH, CH2CI2 x, MeNHOH.HCl, NaHCOs, 
80% aq.ElOH 
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2.4 Studies on 7-, 8-inembered rings formation 
After investigating the cyclic and acyclic cases of p-allyl-oxy nitrone 
cycloaddition, we wanted to extend the research to y-allyl-oxy nitrone cycloaddition and 
two corresponding aldehydes were synthesized as shown in Schemes 9 and 10. 
V CH2OH CH2OTBS 
〜 V > O H i ><0：1 ii ><0'J 
V y ^ -OH ^ -OH 
oVo t g K bgK 
124 125 126 
CH2OTBS CH2OH CHO 
... N^〇- V:〇_ V V-O-
一 一 一 > < 0 - 一 
bSK t 8 K t g K 
127 128 129 
— I — \ I 
广y、o • V V / 、 。 午 \ _ / 、 〇 
^ x o ： — Q , “ c y + o " " f v 
匚 、、H 、 
130 131 132 
Scheme 9 
i, NaBH4, MeOH-HaO, ii, TBSCl, imidazole, CH2CI2, 
iii. NaH, allyl bromide, THF, iv, TBAF, aq.THF v , ？DC, 
4A molecular sieves, AcOH, CH2CI2 vi, MeNHOH.HCl, 
NaHC03, 80% aq.EtOH 
Oxepane 131 and Oxepane 132 
Reduction of 2,3:5,6-Di-(9-isopropylidene-a-D-mannitiol 124 by sodium 
borohydride in aqueous methanol at 0 °C afforded 125 in 98% yield as colourless 
needles . The primary hydroxyl group in 125 was protected with r-butyl dimethyl silyl 
chloride and imidazole in dichloromethane to give 126 in 95% yield as a pale yellow 
syrup. Allylation of 126 in a usual manner afforded 127 in 98% yield as a colourless 
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oil. The silyl group in 127 was hydrolysed in THF solution of tetrabutyl ammonium 
fluoride to give 128 in 99% yield as a yellow syrup. Collins' reagent was added to 
128 and afforded 129 in 85% yield as a pale yellow syrup. The nitrone 130 derived 
from 129 cyclized at 80 °C to give 131 in 7% yield as colourless crystals and 132 in 
56% yield as a yellow syrup. The regioselectivity of 131 and 132 were confirmed by 
the lowfield methylene carbon signals at 5c 65.62, 67.28, 72.51 and 66.59, 66.95, 
69.81 (DEPT) respectively, which would be expected for the oxygen-substituted 
carbons. 
Nitrone 136 
Diacetone glucose 61 was treated with 1，4-diiodobutane and sodium hydride in 
DMF to give 133 in 59% as a pale yellow syrup. Selective hydrolysis of the 
isopropylidene rings and oxidative cleavage of diol were combined in a single step 
using periodic acid in diethyl ether and converted 133 into 134 in 75% yield as a pale 
yellow syrup. The olefinic nitrone 136 from 135 surprisingly showed no cyclization. 
\ 〇 ， \ 〇 " 1 、 「 H 〇， -
. 0 i , n ^ ii H〇…‘Jy 
HO 0 - U 6 - 4 ^ 
61 133 L 134 」 
OHC ^ +1 
_ _ ^ v ^ . ^ - 。 " V 。 〉 
136 
Scheme 10 
i ’l，4-diiodobutane’ NaH, DMF, ii,periodic acid, iii, MeNHOH.HCl, NaHCOs. 80% aq.EtOH 
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The results are summarized in the following tables: 
Table 3 Cyclic nitrones and their cycloadducts 
Presusors Nitrones Products Yield 
\ 
O H V 。 、 ！ > 0 
S P � 83 38% 
82 
76 S； 88% 
77 
75 
V / ' t ) 67 > - < ? 96% 
66 r ^ 
Table 4 Acyclic nitrones and their cycloadducts 
Presusors Nitrones Products Y ie ld 
CH〇 I 
-OH 
八 O - AcO / 
- O H ACO Y 7 53% 
—OH 87 a c o ^ ^ T ^ 。 乂 




HO 卞 o " A c O , / ^ 0 
- O H 102 AcO ( J 55% 
卜 OH A c c r ^ V ^ o 〉 
CH2OH OAC H 
101 103 
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Table 5 Acyclic nitrones and their cycloadducts 
Presusors Nitrones Products Yield 
CHO \ \ 
叫 Acq 
八 0 : 0 H 丨 ^ T 37% 
CH2OH OAc H 
109 
\ 一 0 \ 
CHO … i \ 
一 〇 V OAc I 33.3% 
OAC H 
90 + 94 \一 〇 
+ ^ ^ v ^ 
^ 8.3% 
OAc H u 
95 
CHO \ 门 
叫 r \ 
— 122 BnO,, 
「 7 70% 




Table 6 Other studies on nitrone cycloaddition 
Presusors Nitrones Products Yield 
〇HC ^ 
v > 八 J~~i 0 1T/： No reaction 
- j ^ 136 
135 I 
1 3 0 0 ) � � V 
129 131 




The methylene carbon signals(^^C NMR) of the final products are summarized in 
the following tables: 
Products Methylene Carbon Signals (ppm) 
77 65.24, 67.00 
68 27.77, 72.15 
84 30.03,73.69 
Products Methylene Carbon Signals (ppm) 
89 27.08, 61.08, 73.15 
104 27.29, 62.47, 72.57 
94 62.38, 66.36, 66.68 
95 62.03, 64.49，67.09 
112 62.68, 66.47, 68.32 
123 40.14, 43.68, 70.69，73.69, 78.61 
Products Methylene Carbon Signals (ppm) 
131 65.62, 67.28, 72.51 
132 66.59, 66.95, 69.81 
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3. Conclusion 
3.1 Cyc l ic p recursor 
Since Z- and £-nitrones are known to interconvert under reaction conditioners we 
assume that the product ratio was dependent only on the respective transition state 
energies."^ ^ 
The results of my undergraduate thesis is listed in the Table 2 and the two 
transition states for nitrone 55 are shown below. 
slcric rcplusion between the niironc and 
广 Ihe mcihyl group 
N ^ ^ V ' W 1 O 
一 ° / / V ^ / seven-membered rings 
V - O " 〇 一 、 A 〇\ are formed 
7 . —I 〇一 -
_ Z-nitrone 」 
• Me 1 Me、 
0 二N 。 、 
^ ( 〇 , ^ I V ^ ^ f /''yv six-membered rings 
= = = = \ ^ 〇 、 、 > - { 〇 are formed 
L 丨 J Y d o - j -£-nitrone 5 ^ 
The pyranoisoxazolidine may be rationalised to arise from the 
cycloaddition via the E-nitrone-S-rra/t.v-allyl-ether transition state. It was believed that 
the relative energies for the E- and Z-form of each nitrone depended only on the 
respective transition state energies. The steric repulsions between the /V-methyl nitrone 
moiety, the isopropylidene and the 0-allyl moiety in the Z-form of 55 make it 
energetically more unfavourable than that of E-form and hence E-nitrone is dominant in 
this case and gave six-membered ring only. 
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For nitrone 76, the Z-form shown below is thermally unstable with respect to E-
form because the steric repulsion exists between the O-allyl moiety and the methyl 
group of isopropylidene. The cycloaddition afforded the six-membered ring only. 
Me 1 Me 
N ~ / 〇 / 》、”•又 six-membered rings 




M e 、 • 〜 〇 〉 ）>"'..<^〇、 
-Q / / \ ~ i u \ l ! ( \ / seven-membered rings 
/ < C 〇 、 、 0 - K A X 门 “ i a r e f o n n e d 
7 � I Z \ \^^-0 ^ 
Z-nitrone i I 
\ J 
sicric rep 1 us ion between ihc O-allyl group 
and ihc isopropylicne methyl group 
3.2 acyclic precursor 
Threo-nitrones gave six-membered rings and eryr/iro-nitrones gave seven-
membered rings and the results for acyclic nitrones cycloaddition are summarized 
below: 
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I 丨 J _ 
: N - 〇 - 1 ^N-O" ^ I f ^ 
- O H I HO— 
_|""〇~1 I 卜 〇 _ _ seven-membered rings 
R j R are formed 
I 
threo 
^ • • • j 
I : N - O - . 
I \ six-membered rings 
I HO- are formed 
- 0 — 1 I 0 -
R 1 = 丨 = 1 p j 
erythro 
^ J 
Nitrone 110 has the same stereochemistry compare with nitrone 122 except that 
the C-2 hydroxyl group is protected with a benzyl group. Both entries gave the same 
regioselectivity and yielded six-membered rings, so we can tentatively conclude that the 
hydroxyl group at C-2 can be treated as an inert alkyl group. This result was quite 
unexpected because the intramolecular hydrogen bonding between the nitrone moiety 
and the 2-OH group was proved to exist.44 The intramolecular hydrogen bond 
between the C-2 hydroxyl group and the oxygen of the nitrone was found to be 2.12 
入.44 ‘ 
3.3 Studies on 7-，8-membered rings formation 
Other entries to make seven- and eight-memberd rings by similar method were 
unsuccessful. No cyclization was observed for nitrone 136 after five days of reaction 
(The cycloaddition for nitrone 58 completed within three hours for the same reaction 
conditions). The regioselectivity for nitrone 130 was acceptable since the two 
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products were formed in the ratio of 8 to 1. It is still a challenging work to fully 
understand the nitrone cycloaddiiion. 
？ 
• • 、 . . • 
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‘！ 
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4. Experimental 
Melting points (mp) 
Melting points were determined with a Reichert apparatus and are reported in 
degrees Centigrade uncorrected. 
Specific optical rotation ([aj^o) 
All optical rotations were measured with a JASCO, DIP-300 automatic digital 
polarimeter, operating at 598 nm and temperature t. 
Infrared absorption spectra (cm-D 
All spectra were recorded on a Nicolet 205 FT-IR spectrometer. The spectra 
were measured as thin films on potassium bromide discs. All absorption maxima are 
given in wave number (cm-O-
iH Nuclear magnetic resonance spectra (5H) 
All spectra were measured on a Brucker WM250 spectrometer at 250 MHz. Al l 
chemical shifts were recorded in ppm on the 5 scale and measured directly from the 
、 
spectra. Tetramethylsilane was used as the internal standard for organic solutions. 
Spin-spin coupling constants are indicated by the symbol J which are reported in Hertz 
and were measured directly from the spectra. The following abbreviations are reported 
for the multiplicities of the signals: s (singlet), d (doublet), t (triplet), q (quartet), m 
(multiplet), b (broad). 
13C Nuclear magnetic resonance spectra (5c) 
All spectra were measured on a Brucker WM250 spectrometer at 62.9 MHz. All 




Carbon and hydrogen elemental analyses were carried out at either the Shanghai 
Institute of Organic Chemistry, The Chinese Academy of Sciences, China or the 
MEDAC Ltd., Department of Chemistry, Brunei University, Uxbridge. 
Thin-layer chromatography 
All reaction were monitored by thin-layer chromatography (TLC) on aluminum 
precoated with silica gel 6OF254 (E. Merck) and compounds were visualized with a 
spray of either 5% w/v dodecamolybdophosphoric acid in ethanol or 5% v/v 
concentrated sulfuric acid in ethanol with subsequent heating. 
Column chromatography 
All column were packed wet using silica gel (230-400 mesh, E. Merck) as the 
stationary phase and eluted using flash chromatographic technique. 
Drying and purification of solvent 
Pyridine was distilled over barium oxide and stored in the presence of potassium 
hydroxide pellets. Absolute methanol was distilled oyer magnesium and stored in the 
presence of 4A molecular sieves. THF was distilled over sodium using benzophenone 
as indicator. Dichoromethane was distilled over phosphorous pentoxide and stored in 
the presence of 4A molecular sieves. 
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l ,2:5,6-Di-0- isopropyl idene-a-D-al lofuranose 63. NaBH4 (120 mg，2.6 
mmol) in H2O (5 mL) was added to a solution of 62 (1.35 g, 5.2 mmol) in MeOH (10 
mL) at 0 °C. After 6 h, saturated aqueous NH4CI (20 mL) was added slowly. The 
reaction mixture was extracted with CH2CI2 (3 x 40mL). The combined extracts were 
washed with saturated aqueous NH4CI (20 mL), dried (MgSO*) and filtered. The 
filtrate was concentrated to a yellow syrup and chromatographed on silica gel to give 
63 (1.3 g，96%) as colourless crystals: mp 75。C (lit.^i mp 75.5-76。C); [a]26p 
+42.3。(c 1.0，CHCI3) [lit.3i [ocFd+37.8。(c 1.0’ CHCI3)] ; TLC [EtaO/hexane 
(2:1)] Rf 0.30; IR (neat) 2989, 1668, 1372, 1073, 1043 cm-i; iH NMR (CDCI3 ) 5 
1.38 (3H, s); 1.39 (3H, s); 1.47 (3H, s); 1.57 (3H, s); 1.59 (IH, d,7 = 8.4 Hz); 3.82 
(IH，dd，J = 8.5，4.7 Hz); 3.99-4.12 (3H, m); 4.32 (IH, dt, J = 6.5，4.8 Hz); 4.62 
(IH, dd, J = 5.0, 5.0 Hz); MS m/z 245 ( M+-Me). 
3-0-Al ly l- l ,2;5,6-di-0- isopropyl idene-a-D-al lofuranose 64. 60% Sodium 
hydride (3 g, 75 mmol) was washed with dry hexane (3x10 mL) and then THF (70 
mL) was added. Allyl bromide (5.3 mL, 61.4 mmol) and 63 (8 g, 30.7 mmol) were 
added to the hydride solution very slowly at 0 °C. After the addition, the mixture was 
heated under reflux for 2 h. The reaction mixture was cool to 0 °C and saturated 
aqueous NH4CI (30 mL) was added very slowly. It was extracted with CHCI3 (3 x 50 
mL). The combined extracts were washed with saturated aqueous NH4CI (20 mL), 
dried (MgS04) and filtered. The filtrate was concentrated to a yellow syrup and 
chromatographed on silica gel to give 64 (8.87 g, 96%) as yellow needles: mp 33 °C; 
[a]26j5 +96.4° (c 1.2，CHCI3); TLC [EtzO/hexane (2:3)] Rf 0.33; IR (neat) 2990, 
1460，1220, 1022 cm-i; ^H NMR (CDCI3) 5 1.36 (3H, s); 1.38 (3H, s); 1.46 (3H，s);' 
1.59 (3H, s); 3.90 (IH, dd, J = 4.4，8.7 Hz); 4.01 -4.14 (4H, m); 4.23 (IH, ddt, J = 
5.9，12.6，1.2 Hz); 4.40 ( IH, dt, J = 3.0, 7.1 Hz); 4.63 ( IH , t, J = 4.1 Hz); 5.24 
( IH, dq，J = 10.4，1.6 Hz); 5.28 (IH，dq, J = 27.5，1.6 Hz); 5.78 ( IH, d, 7 = 3.7 
Hz); 5.90-6.05 (IH, m); MS in/z 285 (M+-Me). Anal. Cacld for C15H24O6： C, 
59.98; H, 8.05. Found: C，60.09; H，8.27. 
36 
3-0-AlIyl- l ,2-0- isopropyl idene-a-D-al lofuranose 65. A solution of 64 (3 
g, 10 mmol) in 90% aqueous AcOH (25 mL) was stirred at rt for 12 h. The AcOH was 
removed in vacuo and the residue was chromatographed on silica gel to give 65 (2.2 g, 
84%) as pale yellow crystals: mp 60 °C; [apQ+106.3。(c 1.1，CHCI3); TLC 
[EtOAc/hexane (4:1)] Rf 0.32; IR (neat) 3400，1370’ 1022 cm-i; ^H NMR (CDCI3 ) 5 
1.35 (3H, s); 1.58 (3H, s); 2.66 (2H, bs); 3.89-3.94 (2H, m); 3.92 (IH, dd, J = 8.6， 
4.2 Hz); 4.01 -4.10 (3H, m); 4.25 (IH，ddt, J = 1.0，4.5, 12.3 Hz); 4.64 (IH, t ,7 = 4 
Hz); 5.27 (IH, dd, J = 1.4，16.3 Hz); 5.33 (IH, dd, J = 1.4，22.4 Hz); 5.77 (IH, d，J 
=3.7 Hz); 5.87-6.03 (IH, m); MS m/z 245 (M+-Me). Anal. Cacld for CisHjoOg： 
C’ 55.37; H, 7.74. Found: C, 55.07; H, 7.36. 
3-0-Al lyI- l ,2-di-0- isopropyl idene -a-D - r ibo-pentodiaIdo- l ,4- furanose 
66. NaI04 (1.2 g, 5.67 mmol) was added to a solution of 65 (0.40 g, 1.54 mmol) in 
50% aqueous MeOH (15 mL) and was stirred for 4 h at rt. The solution was filtered 
and the filtrate was concentrated to give 66 as a pale yellow syrup (0.28 g, 80%). The 
product was immediately used in the next stage without further purification. 
Oxepane 68. NaHCOs (0.33 g, 4.0 mmol) was added to a solution of 66 (350 mg, 
1.54 mmol) in 80% aqueous EtOH (10 mL) and heated under reflux for 3 h. The 
reaction mixture was cooled to rt and filtered. The filtrate was extracted with CHCI3 (3 
X 30 mL). The combined extracts were washed with saturated aqueous NH4CI (20 
mL), dried (MgSOj) and filtered. The filtrate was concentrated to a yellow syrup and 
chromatographed on silica gel to give 68 (0.38 g, 96%) as colourless crystals: mp 192 
。C; [a]26p +60.0。(c 1.0, CHCI3); TLC (EtOAc) Rf 0.29; IR (neat) 2984’ 2886, 
1044，1011 cm-i; iH NMR (CDCI3 ) 5 1.27 (3H，s); 1.54 (3H’ s); 2.10 ( I H，d，= 
12.8 Hz); 2.52-2.63 (3H, m); 3.52 (IH, dd, J = 2.3, 7.3 Hz); 3.63 (IH, dd, J = 2.8， 
12.9 Hz); 3.75 (IH，d, 7 = 3.4 Hz); 3.79 (IH, d, 7 = 2.4 Hz); 3.98 (IH, dd, J = 4.4， 
9.5 Hz); 4.47-4.53 (2H, m); 5.76 (IH, d, J = 3.4 Hz); 13C NMR (CDCI3) 5 25.28, 
25.60, 27.77, 46.09, 62.69，72.15，75.65, 76.50, 77.0 (two carbons), 103.75， 
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111.99. MS mJz 257 (M+). Anal. Cacld for C12H19NO5： C，56.02; H, 7.44; N, 5.44. 
Found: C，55.92; H，7.72; N, 5.18. 
3-0-Acetyl-l,2;5,6-di-0-isopropylidene-a-D-erythrohex-3-enofuranose 
70. AC2O (12.5 mL，122 mmol) was added to a solution of 69 (2.8 g, 10.1 mmol) in 
pyridine (25 mL). The solution was stirred for 16 h at 75 °C and the solvent was 
removed in vacuo. After the mixture was cooled to rt, saturated aqueous NH4CI (30 
mL) was added and the mixture was extracted with CHCI3 (3 x 50 mL). The combined 
extracts were washed with saturated aqueous NH4CI (20 mL), dried (MgS04) and 
filtered. The filtrate was concentrated to a yellow syrup and chromatographed on silica 
gel to give 70 (2.1 g’ 70%) as white crystals: mp 54-55。C {ViiP mp 62。C); [a]25p 
一 2 9 . 5 。 ( c 1.3’ CHCI3) [lit.33 [ a p D -33° (c 1.3，CHCI3)]; TLC [EtzO/hexane (1:2)] 
/?,0.33; IR (neat) 1777，1770’ 1370’ 1218 cm- i ;旧 NMR (CDCI3) 5 0.96 (3H, s); 
1.06 (3H, s); 1.08 (3H，s); 1.12 (3H, s); 1.80 (3H, s); 3.65 (2H，dd, J = 2.1, 6.5 
Hz); 4.29 (IH， t，二 6.5 Hz); 4.98 ( I H , d , 7 = 5.5 Hz); 5.62 ( I H , d’ / 二 5.5 Hz); MS 
mh 300 (M+). 
3 -0 -Ace t y l - l , 2 ; 5 ,6 -d i - 0 - i sop ropy l i dene - a -D -gu lo fu ranose 71. 10% 
Palladium-on-charcoal (30 mg) was added to a solution of 70 (400 mg, 1.3 mmol) in 
EtOAc (10 mL) and hydrogenated at rt for 12 h. The mixture was filtered and the 
solvent was removed in vacuo. The residue was chromatographed on silica gel to give 
71 (400 mg, 99%) as colourless crystals: mp 73-74。C (lit.35 mp 73-74 °C); [a]^^^) 
+56.4° (c 1.0, CHCI3) [lit.35 [cx]D 6 6�(c 0.36’ CHCI3)]; Rf 0.10 [EtiO/hexane (1:1)]； 
IR (neat) 2994，1740’ 1376, 1239, 1035 cm- i ;旧 NMR (CDCI3 ) 5 1.33 (3H, s); 1.36 
(3H, s); 1.42 (3H, s); 1.56 (3H, s); 2.11 (3H, s); 3.51 (IH, t, 7 = 8.3 Hz); 4.03-4.11 
(2H, m); 4.60 ( IH, dt, J = 9.2, 7.1 Hz); 4.78 (IH, dd, J = 4.1，5.7 Hz); 5.05 ( IH, 
dd, J 二 5.7，6.7 Hz); 5.79 (IH, cl,7 = 4.1 Hz); MS mh 255. 
l ,2 ;5 ,6-Di -0- isopropy l idene-a-D-gu lo furanose 72. Amberlite IRA-400 
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(OH) resin (300 mg) was added to a solution of 7 1 (244 mg’ 0.8 mmol) in MeOH (10 
mL). After 2 h, the reaction mixture was filtered and the solvent was removed in vacuo 
to give 72 (200 mg, 96%) as colourless crystals: mp 103-104。C (lit.35 mp 105-106 
。C); [(x]26d+12.0° (c 0.9，CHCI3) [ l i t ” [a]D+7.5。(c 1.0’ CHCI3)]; TLC 
[Et20/hexane (3:1)] Rf 0.20; IR (neat) 3400，2990’ 1372, 1215, 1157，1040 cm-i; ^H 
NMR (CDCI3) 6 1.38 (3H, s); 1.43 (3H, s); 1.45 (3H, s); 1.63 (3H, s); 2.68 (IH，d, 
J == 6.5 Hz); 3.72 (IH, t, 7 = 10.1 Hz); 3.85 (IH, dd, J = 5.7’ 8.6 Hz); 4.20-4.27 
(2H, m); 4.48 (IH, q, J = 12.0 Hz); 4.66 (IH, dd, J = 4.2, 6.2 Hz); 5.79 (IH, d, 7 = 
4.1 Hz); MS mJi 245 ( M+-Me). 
3 - 0 - A l l y l - l , 2 ; 5 , 6 - d i - 0 - i s o p r o p y l i d e n e - a - D - g u l o f u r a n o s e 73 . 80% 
Sodium hydride (0.4 g，13.3 mmol) was washed with dry hexane (3 x 10 mL) and 
then THF (20 mL) was added. Allyl bromide (0.13 mL, 1.5 mmol) and 72 (0.2 g, 
0.77 mmol) were added to the hydride solution very slowly at 0 °C. After the addition, 
the mixture was heated under reflux for 6 h. The reaction mixture was cooled to 0 � C 
and saturated aqueous NH4CI (20 ml) was added very slowly. The solution was 
extracted with CHCI3 (3 x 20 mL). The combined extracts were washed with saturated 
aqueous NH4CI (20 mL), dried (MgS04) and filtered. The filtrate was concentrated to a yellow syrup and chromatographed on silica gel to give 73 (200 mg, 87%) as 
colourless crystals: mp 70-71。C; [ c x P d +32.3° (c 1.1’ CHCI3); TLC [EtsO/hexane 
(2:1)] Rf 0.34; IR (neat) 2950, 1374, 1263, 1035, 772 c m ] ; ^H NMR (CDCI3) 5 
1.48 (3H, s); 1.50 (3H, s); 1.57 (3H, s); 1.76 (3H, s); 3.70 (IH, dd, J = 1.2，8.6 
Hz); 4.08-4.38 (IH, m); 4.74-4.68 (2H, m); 5.34-5.47 (2H, m); 5.92 (IH, d, 7 = 
3.9 Hz); 5.95-5.97 (IH, m); MS m/z 285 (M+-Me). Anal. Cacld for C15H24O6： C， 
59.98; H，8.05. Found: C，59.95; H, 8.12. 
3 - 0 - A l l y 1 -1 ,2-0- isopropy l id ine -a -L - l yxo-pentod ia lo - l ,4 - fu ranose 75. Periodic acid (0.23 g, 1.0 mmol) was added to a solution of 73 (101 mg, 0.33 mmol) in Et20 (10 mL). After 20 h，the reaction mixture was filtered and the solvent w a s 
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removed in vacuo to give 75 (56 mg, 74%) as pale yellow syrup. It was immediately 
used in the next stage without further purification. 
Pyran 77. NaHCOs (0.15 g, 1.76 mmol) was added to a solution of 75 (200 mg, 
0.88 mmol) and //-methylhydroxylamine hydrochloride (0.15 g, 1.76 mmol) in 80% 
aqueous EtOH (15 mL) and the mixture was refluxed for 3 h. The reaction mixture 
was extracted with CHCI3 (3 x 30 mL). The combined extracts were washed with 
saturated aqueous NH4CI (20 mL), dried (MgSO*) and filtered. The filtrate was 
concentrated to a yellow syrup and chromatographed on silica gel to give 77 (0.2 g, 
88%) as colourless crystals: mp 92-93。C; [(x]26d +9.2° (c 1.0, CHCI3); TLC 
[EtOAc/hexane (3:1)] Rf 0.22; IR (neat) 2985, 2868, 1370, 1213, 1048 cm-i; ^H 
NMR (CDCI3) S 1.35 (3H, s); 1.59 (3H, s); 2.74 (3H, s); 3.12 (2H, bs); 3.35-3.48 
(2H，m); 3.96-4.06 (3H, m); 4.25 (IH, t, 7 = 6.0 Hz); 4.69 (IH, t, 7 = 5.1 Hz); 5.72 
(IH，d, 7 = 4.0 Hz); 13C NMR (CDCI3) 6 26.46, 26.63’ 40.97，43.86, 65.24，67.00 
(two carbons), 73.67, 76.15’ 80.18，104.54, 114.29. MS mh 257 (M+). Anal. Cacld 
for C12H19NO5： C, 56.02; H，7.44; N, 5.44. Found: C, 56.03; H, 7.54; N, 5.38. 
l ,2;5,6-di-0- isopropyl idene-a-D-galactofuranose 79. Anhydrous CUSO4 
(15 g) was added to a solution of D-galactose 78 (3.0 g, 16.7 mmol) in DMF (30 mL). 
After heated under reflux for 24 h, anhydrous CUSO4 (5 g) in acetone (100 mL) was 
added and was heated to reflux for the next 24 h. The reaction mixture was cooled to rt 
and filtered. Saturated aqueous NH4CI (30 mL) was added to the filtrate and the 
mixture was extracted with CHCI3 (5 x 10 mL). The combined extracts were washed 
with saturated aqueous NH4CI (20 mL), dried (MgS04) and filtered. The filtrate was 
concentrated to a yellow syrup and chromatographed on silica gel to give 79 (0.8 g, 
18%) as colourless crystals: mp 97-98 °C (lit.36 mp 97-98 °C); [aJ^^j^ -24.0° (c 1.0， 
CHCI3) [lit.36 [oc]D -34。(c 1.0’ MeOH)]; TLC [EtzO/hexane (3:1)] Rf 0.33; IR (neat) 
3400，2986, 1382, 1373, 1064 cm-i ； ^H NMR (CDCI3) 8 1.35 (3H, s); 1.38 (3H, s); 
1.46 (3H, s); 1.55 (3H，s); 2.84 (IH, d, 7 = 4.5 Hz); 3.82-3.89 (2H, m); 4.05-4.13 
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(2H, m); 4.37 ( IH , q, 7 = 6.8 Hz); 4,55 ( IH , d, 7 = 3.9 Hz); 5.89 (IH，d, J = 3.9 
Hz); MS m/z 245 (M+-Me). 
3 -0 -A l l y l - l ,2 ;5 ,6 -d i -0 - i sopropy I idene-a-D-ga lac to fu ranose 80. 80% 
Sodium hydride (0.5 g,16.7 mmol) was washed with dry hexane (3 x 10 mL) and then 
THF (40 mL) was added. Allyl bromide (0.62 mL, 7.2 mmol) and 79 (0.95 g，3.6 
mmol) were added to the hydride solution very slowly at 0 °C. After the addition, the 
reaction mixture was heated under reflux for 8 h. The reaction mixture was cooled to 0 
°C and saturated aqueous NH4CI (5 mL) was added very slowly. The aqueous layer 
was extracted with CHCI3 (3 x 30 mL). The combined extracts were washed with 
saturated aqueous NH4CI (20 mL), dried (MgSCg and filtered. The filtrate was 
concentrated to a yellow syrup and chromatographed on silica gel to give 80 (920 mg, 
85%) as a pale yellow syrup: [ a p p -44.4° (c 1.1, CHCI3); TLC [EtiO/hexane (1:3 
) ]Rf 0.33; IR (neat) 2987’ 2938, 1372, 1215, 1071 cm-i; ^H NMR (CDCI3) 5 1.32 
(3H，s); 1.34 (3H，s); 1.40 (3H, s); 1.51 (3H’ s); 3.72-3.87 (3H, m); 3.91-4.02 
(2H, m); 4.10 ( IH, dd，J 二 5.4，12.6 Hz); 4.27 ( IH, q, 7 = 6.8 Hz); 4.53 ( IH, dd, J 
二 1.2’ 4.0 Hz); 5.21-5.32 (2H, m); 5.77-5.93 (2H, m); MS m/z 285 (M+-Me). 
Anal. Cacld for C15H24O6： C, 59.98; H, 8.05. Found: C，59.73; H, 8.10. 
3 - 0 -A l ly I - l , 2 - 0 - isopropy l ic l ine-a - D -xy lo-pentod ia lo- l , 4 - furanose 82. 
Periodic acid (0.28 g, 1.22 mmol) was added to a solution of 80 (122 mg, 0.41 mmol) 
in EtaO (10 mL). After 20 h, the reaction mixture was filtered and the solvent was 
removed in vacuo to give 82 (72 mg, 78%) as a pale yellow syrup. It was immediately 
used in the next stage without further purification. ‘ 
Oxepane 84. NaHCOs (0.3 g’ 3.5 mmol) was added to a solution of 82 (400 mg, 
1.75 mmol) and N-methylhydroxylamine hydrochloride (0.3 g, 3.5 mmol) in 80% 
aqueous EtOH (25 mL) and heated under reflux for 24 h. The reaction mixture was 
filtered and the filtrate was extracted with CHCI3 (3 x 30 mL). The combined extracts 
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were washed with saturated aqueous NH4CI (20 mL), dried (MgSO》and filtered. The 
filtrate was concentrated to a yellow syrup and chromatographed on silica gel to give 
84 (0.17 g，38%) as colourless crystals: mp 109-110。C; -13.4° (c 1.1， 
CHCI3); [EtOAc/hexane (2:1)] Rf 0.40; IR (neat) 2980, 1217’ 1157, 1016, 773 cm-i; 
iH NMR (CDCI3 ) 5 1.37 (3H，s); 1.60 (3H, s); 1.94 (IH, d, J = 12.7 Hz); 2.53-
2.61 (4H, m); 3.23 ( IH, dd，J = 2.1，11.7 Hz); 3.44 ( IH, dd, J = 2.0’ 7.5 Hz); 3.52 
( IH, dd, J = 2.9’ 12.9 Hz); 3.78 (IH, d, J = 13.0 Hz); 4.24 (IH, dd, J = 5.0, 9.6 
Hz); 4.43-4.51 (2H, m); 5.64 (IH, d, 7 = 5.2 Hz); ^^ C NMR (CDCI3) 5 28.68, 30.03 
(two carbons)，47.68’ 63.87, 73.96, 78.46, 80.50，81.82, 86.24，104.75, 115.35. 
MS in/z 257 (M+). Anal. Cacld for C12H19NO5： C, 56.02; H, 7.44; N, 5.44. Found: 
C, 56.17; H, 7.55; N, 5.35. 
3-0-A l Iy I -D-g lucopyranose 86. A solution of 3 -0 -A l l y l -1 ,2 :5 ,6 -D i -0 -
isopropylidene-a-D-glucofuranose 85 (250 mg, 0.83 mmol) in 30% aqueous HCl (5 
mL) was heated under reflux for 24 h. The reaction mixture was cooled to 0 °C. The 
aqueous HCl was removed in vacuo and the residue was chromatographed on silica gel 
to give 86 (120 mg, 65%) as a sticky white solid. TLC [MeOH/CHCbCliS)] Rf 0.37. 
The product was immediately used in the next step. • 
、 
Oxepane 89. NaHCOa (66 mg, 0.78 mmol) was added to a solution of 86 (80 mg, 
0.36 mmol) and N-methyl hydroxylamine hydrochloride (76 mg’ 0.9 mmol) in 80% 
aqueous EtOH (10 mL) and heated under reflux for 2 d. The solution was evaporated to 
dryness and the yellow syrup was immediately used in the next stage without further 
purification. AC2O (1 mL, 9.1 mmol), pyridine (1 mL’ 12.4 mmol)’ DMAP (cat. amt.) 
and CH2CI2 (2 mL) were added to the syrup. After 6 h’ the mixture was evaporated to 
dryness and the residue was chromatographed on silica gel to give 89 (80 mg, 53% 
from 86) as colourless crystals: mp 145 °C; [a]'^^^ +95.5° (c 1.0, CHCI3); TLC 
[EtOAc/hexane (3:1)] Rf 0.33; IR (neat) 1744’ 1372, 1224，1023 cm] ; ^H NMR 
(CDCI3) 5 2.02 (3H, s); 2.12 (6H, s); 2.20 (3H, s); 2.28-2.45 (IH, m); 2.55 (IH, d， 
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J = 12.5 Hz); 2.66 (3H, s); 3.45-3.52 (2H, m); 3.63 (IH, dd, J = 1.0，7.4 Hz); 4.03 
(IH, d，7.6 Hz); 4.22 (2H，dq，J = 5.0，11.9 Hz); 4.57 (IH, dd, J = 2.8，8.1 Hz); 
4.97-5.06 (2H, m); 5.69 (IH, dd, J = 3.8，7.4 Hz); i^c NMR CDCI3) 5 20.64 (two 
carbons), 20.90 (two carbons), 27.08, 46.50’ 61.08，65.28’ 69.44, 71.85’ 72.36, 
73.15，74.71，78.63，169.66，169.89，170.43, 170.63. MS m/z 417 (M+). Anal. 
Cacld for: CigHjvNOio, C, 51.79; H，6.52; N, 3.36. Found: C，51.69; H, 6.56; N, 
3.33. 
S-O-AIlyl-D-al lopyranose 90. A solution of 63 (0.5 g, 1.67 mmol) in 30% 
aqueous HCl (5 mL) was heated under reflux for 24 h. The reaction was cooled to 0 
°C. The aqueous HCl was removed in vacuo and the residue was chromatographed on 
silica gel to give 90 (260 mg, 70%) as a sticky white solid: TLC [MeOH/CHCls (1:3)] 
Rf 0.33. The product was immediately used in the next step. 
Pyran 94 and pyran 95. NaHC03 (300 mg, 4.7 mmol) was added to a solution of 
90 (400 mg, 1.8 mmol) and "-methyl hydroxylamine hydrochloride (400 mg, 4.7 
mmol) in 80% aqueous EtOH was heated under reflux for 2 d. The solution was 
concentrated to give a yellow syrup which was immediately used in the next stage 
without further purification. AC2O (1 mL, 10.5 mmol), pyridine (1 mL, 12.5 mmol) 
and DMAP (cat.amt.) in CH2CI2 (2 mL) were added to the syrup. After 24 h, the 
solvent was removed in vacuo and the residue was chromatographed on silica gel to 
give 94 (62 mg, 8.3% from 90) and 95 (250 mg, 33.3% from 90) as yellow syrups. 
94: [(X]24d+12.6。(c 1.2, CHCI3); TLC [EtOAc/hexane (3:1)] Rf 0.38; IR (neat) 
1744，1400，1225, 1045 cm-i; iH NMR (CDCI3 ) 5 2.05 (6H’ s); 2.10 (3H, s); 2.14 
(3H，s); 2.70 (3H, s); 2.90-3.00 (IH, m); 3.30 (IH, at, J = 4.8 Hz); 3.52 (IH, d，J = 
8.4 Hz); 3.60 (IH, 1 ,7= 11.4 Hz); 3.91-4.01 (3H, m); 4.17 ( IH, dd, J = 7.5, 12.3 
Hz); 4.49 ( IH, dd, J = 2.4，12.3 Hz); 5.14 (IH, dd, J = 3.8, 10.3 Hz); 5.19-5.25 
( IH, m); 5.40 (IH, dd, J = 5.2, 4.7 Hz); ^^C NMR (CDCI3) 5 20.72 (four carbons), 
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45.06，47.19，62.38，66.38，66.41’ 66.68, 69.36, 70.15’ 70.57，73.38, 169.75 (four 
carbons). MS m/z 417 (M+). Anal. Cacld for C18H27NO10： C, 51.79; H, 6.52; N, 
3.36. Found: C，52.11; H, 6.71; N, 3.02. 
95: [apD+11.3° (c 1.0，CHCI3); TLC [EtOAc/hexane (3:1)] Rf 0.30; IR (neat) 
1744’ 1372, 1225, 1045 cm-i; iR NMR (CDCI3 ) 5 2.04 (3H, s); 2.10 (6H，s); 2.16 
(3H, s); 2.63 (3H, s); 2.95-3.08 (2H，m); 3.53 (IH, dd, J = 3.9, 8.6 Hz); 3.64-3.77 
(2H, m); 3.98 (IH, d, 7 = 12.2 Hz); 4.14-4.22 (2H, m); 4.39 (IH, dd, J = 2.4，12.2 
Hz); 4.94 (IH, t, 7 = 6.5 Hz); 5.31 (IH, dd, J = 3.9, 5.8 Hz); 5.39 (IH, dt, J = 2.5, 
6.1 Hz); i3c NMR (CDCI3) 5 20.42, 20.55 (two carbons), 20.79, 40.03; 43.51, 
62.03，64.49，67.09, 67.88’ 68.20, 69.47, 69.98, 77.54，169.34，169.42, 169.57’ 
170.37. MS m/z 417 (M+). Anal. Cacld for C18H27NO10： C, 51.79; H, 6.52; N, 
3.36. Found: C，52.70; H，6.68; N, 3.23. 
Methyl 4,6-0-BenzyIidene-a-D-gIucopyranoside 97. Benzaldehyde dimethyl 
acetal (3.8 g, 25 mmol) was added to a solution of methyl a-D-glucopyranoside 96 
(4.85 g, 25 mmol) and TsOH (0.03 g) in dry DMF、( 17.5 mL). The solution was 
heated to 60 °C under reduced pressure for 1 h. After the reaction mixture was cooled 
to rt, 0.05 M aqueous NaHCOs (40 mL) was added and the crude product was 
collected by suction filtration. Recrystallization of the crude product from hot water 
gave 97 (4.3 g, 61%) as colourless needles: mp 166-167。C (lit.37 mp 166-167 °C); 
[a]24p +105.0。(c 1.0’ CHCI3) [lit.37 [a]D +105.0。(c 1.1，CHCI3)]; TLC (EtOAc) Rf 
0.40; IR (neat) 3400，1073, 1029 cm] ; ^H NMR (CDCI3) 5 3.44 (3H, s); 3.49 (IH； 
d,7 = 9.2 Hz); 3.61 (IH, dd, J = 3.9, 9.2 Hz); 3.68-3.85 (3H, m); 3.91 (IH, t, J = 
9.3 Hz); 4.26-4.31 ( IH, m); 4.79 (IH, d, 7 = 3.9 Hz); 5.52 (IH，s); 7.35-7.51 (5H, 
m); MS m/z 282 (M+). 
Methyl 4,6-0-Benzyl idene-2-0-p-toly lsul fonyl-a-D-glucopyranoside 98. 
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A solution of TsCl (2.8 g, 14.69 mmol) in dry pyridine (8 mL) was added to a solution 
of 97 (5 g, 1.78 mmol) in dry pyridine (8 mL) over a period of 30 min. The solution 
was stirred for 24 h at rt and partitioned between benzene (20 mL) and water (20 mL). 
The aqueous portion was extracted with benzene (20 mL x 2) and the combined 
extracts were washed with 5% HCl (5 mL) and then 3 M aqueous NaHCOs (5 mL). 
The organic portion was dried (MgS04)，filtered and the filtrate was concentrated to 
give a pale yellow solid. The crude product was recrystallized from hexane to give 98 
(2.5 g, 32%) as white crystals: mp 148-150 °C (lit.39 mp 153-154 °C). +63.4。 
(c 1.1, CHCI3) [lit.39 [a]i5p +64° (c 4.9，CHCI3)]; TLC [EtzO/hexane (2:1)]; IR (neat) 
2990, 1364, 1191, 1177’ 1042，985 cm] ; iH NMR (CDCI3) 5 2.42 (IH, d,7 = 3.1 
Hz); 2.46 (3H, s); 3.37 (3H, s); 3.48 (IH, t, 7 = 9.3 Hz); 3.68-3.85 (2H，m); 4.15 
(IH, dt, J = 3.0, 9.3 Hz); 4.28 (IH, dd, J = 9.7, 4.4 Hz); 4.39 (IH, dd, J = 3.7，9.4 
Hz); 4.86 (IH, d,7 = 3.7 Hz); 5.50 (IH, s); 7.34-7.37 (5H, m); 7.44—7.48 (2H，m); 
7.68 (2H, d,y = 8.3 Hz); MS mJi 435 (M+-1). 
Methy l 2,3-Anhydro-4,6-0-be nzy l i dene-a-D-mannopyranoside 99. 
Sodium metal (160 mg, 6.96 mmol) was added to dry MeOH (20 mL) at 0。C very 
slowly and the solution was stirred for 0.5 h. 98 (2.3 g, 5.3 mmol) was then added in 
a portion and the reaction mixture was heated under reflux for 4 h. The mixture was 
cooled to 0 °C and filtered to give 99 (1.2 g, 86%) as white needles: mp 145-147 °C 
(lit.39 mp 145-147。C); (c 0.9，CHCI3) [lit.39 [cx]i5d+107.0。(c 1.6， 
CHCI3)]; TLC [Et20/hexane (1:2)] Rf 0.47; IR (neat) 1124，1100，1082, 969 cm-i; ^H 
NMR (CDCI3) 5 3.17 (IH, d, 7 = 3.7 Hz); 3.47-3.48 (4H, m); 3.65-3.78 (3H, m); 
4.90 (IH, s); 5.57 (IH, s); 7.35-7.52 (5H, m); MS m/z 264 ( M+). 
Methyl 3-0-Al ly I -4,6-0-benzyl idene -a-D -a l t ropyranoside 100. Sodium 
metal (250 mg, 10.87 mmol) was added to allyl alcohol (5 mL) at 0 °C very slowly and 
the resulting mixture was stirred for 0.5 h. 99 (168 mg) was added to the mixture 
which then was heated under reflux for 6 h. The reaction mixture was cooled to rt and 
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saturated NH4CI (5 mL) was added. The mixture was extracted with CHCI3 (3 x 30 
mL). The combined extracts were washed with saturated aqueous NH4CI (20 mL), 
dried (MgSO*) and filtered. The filtrate was concentrated to a yellow syrup and 
chromatographed on silica gel to give 100 (187 mg, 90%) as pale yellow crystals: mp 
74 °C; [(X]25d+67.9 (c 0.9, CHCI3); TLC [Et^O/hexane (1:1)] Rf 0.46; IR (neat) 
3450, 1138，1044，1017 cm“； iH NMR (CDCI3) 6 2.01 (IH, d, 7 = 5.8 Hz); 3.42 
(3H，s); 3.71-3.81 (IH, m); 3.88 (IH, t，/ = 2.9 Hz); 3.96—4.01 (2H, m); 4.21 (IH, 
ddt, J = 13.5, 6.1，1.3 Hz); 4.28-4.37 (3H, m); 4.59 (IH, m); 5.17 (IH, dq, J = 
10.5, 1.3 Hz); 5.29 (IH, dq, J = 19.0, 1.3 Hz): 5.55 (IH，s); 5.85-5.96 ( IH, m); 
7.30-7.50 (5H, m); MS in/z 322 (M+). Anal. Cacld for: C17H22O6 C, 63.34; H, 
6.88. Found: C, 63.26; H, 6.72. 
3-0-Allyl-D-altropyranose 101. A solution of 100 (0.21 g, 0.65 mmol) in 30% 
aqueous HCl (5 mL) was heated under reflux for 24 h. The reaction mixture was 
cooled to 0 °C. The aqueous HCl was removed in vacuo and the residue was 
chromatographed on silica gel to give 101 (68 mg, 60%) as a pale yellow syrup. TLC 
[MeOH/CHCl3(l:3)] Rf 0.37. The product was immediately used in the next step. 
Oxepane 104. NaHC03 (66 mg, 0.78 mmol) was added to a solution of 101 (86 
mg, 0.39 mmol) and A^-methyl hydroxylamine hydrochloride (66 mg, 0.78 mmol) in 
80% aqueous EtOH (10 mL) and heated under reflux for 2 d. The reaction mixture was 
evaporated to dryness and the yellow syrup was immediately used in the next stage 
without further purification. AC2O (1 mL, 9.1 mmol), pyridine (1 mL, 12.4 mmol) and 
DMAP (cat. amt.) in CH2CI2 (2 mL) was added to the syrup. After 6 h, the solvent 
was evaporated to dryness and the residue was chromatographed on silica gel to give 
104 (89.7 mg, 55% from 101) as yellow crystals: mp 99。C; [ap^D -29.9° (c 0.9, 
CHCI3); TLC (EtOH) Rf 0.34; IR (neat) 1750，1390, 1220 cm]; iR NMR (CDCI3) 5 
2.01 (3H’ s); 2.08 (6H, s); 2.09 (3H, s); 2.35-2.45 (IH, m); 2.55 (IH, d, J = 12.4); 
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2.67 (3H, s); 3.45 (IH, dd, J = 4.9，6.4 Hz); 3.67 (2H, s); 4.08-4.16 (2H, m); 4.38 
(IH, dd, J = 3.8，12.0 Hz); 4.63 (IH, bd，J = 8.1 Hz); 4.91 (IH, d, 7 = 4.6 Hz); 5.13 
(IH, dd, J = 2.0，10.2 Hz); 5.42-5.48 (IH, m); i^C NMR (CDCI3) 5 20.69, 20.84, 
20.94 (two carbons)，27.29, 46.50，62.47，65.54，69.05，70.03，70.93，72.57, 
74.06，79.04，169.65, 170.05，170.62 (two carbons). MS m/z 417 (M+). Anal. 
Cacld for: CigHjvNOio, C, 51.79; H, 6.52; N，3.36. Found: C，51.77; H, 6.54; N, 
2.99. 
Methyl 4,6-0-Benzyl idene-a-D-mannopyranoside 106. Benzaldehyde 
dimethyl acetal (3.8 g, 25 mmol) and TsOH (0.03 g) was added to a solution of methyl 
a-D-mannopyranoside 105 (4.85 g, 25 mmol) in dry DMF (17.5 mL). The mixture 
was heated to 60 °C under reduced pressure for 1 h. The reaction mixture was cooled to 
rt and 0.05 M aqueous NaHCOs (40 mL) was added. The crude product was collected 
by suction filtration and purified by recrystallization from hot water to give 106 (4.3 g, 
61% yield) as colourless needles: mp 143-145。C (lit.^o mp 141-143。C); [a]'^^^ 
+33.5。(c 1.0，CHCI3) [lit.40 [cxPd +61。{c 1.84，CHCI3)]; TLC [EtOAc/hexane (3:1)] 
Rf0.30\ IR (neat) 3400’ 1112，1099, 1071，1031, 772 cm-i; ^H NMR (CDCI3 ) 5 
2.71-2.74 (2H, m)’ 3.40 (3H’ s), (3.75-3.88 3H, m), 3.95-4.03 (2H, m), 4.24-
、 
4.31 (IH, m)’ 4.75 (IH, s), 5.57 (IH, s)，7.34-7.48 (5H, m); MS m/z 282 (M+). 
Methyl 4,6-0-Benzyl idene-2,3-0-cl ibutylstannylene-a-D mannopyrano-
side 107. Dibutyltin oxide (0.18 g, 0.7 mmol) was added to a solution of 106 (0.2 
g, 0.7 mmol) in dry MeOH (25 mL) The suspension was heated to reflux for 1.5 h 
until all solid was dissolved. The solvent was removed in vacuo and the product was 
immediately used in the next stage without further purification. 
Methyl 3-0-Al ly l -4,6-0-benzyI idene-a -D -mannopyranoside 108. Al ly l 
iodide (0.25 mL, 2.7 mmol) was added to a solution of 107 (0.36 g, 0.7 mmol) in dry 
DMF (10 mL). The light brown solution was heated to 100 °C for 1 h and the solvent 
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was removed in vacuo. The reaction mixture was cooled to rt and saturated aqueous 
Na2S203 (30 mL) was added. The aqueous layer was extracted with CHCI3 (3 x 40 
mL). The combined extracts were washed with saturated aqueous NH4CI (20 mL), 
dried (MgSO*) and filtered. The filtrate was concentrated to a yellow syrup and 
chromatographed on silica gel to give 108 (0.16 g, 70% yield from 106) as a pale 
yellow syrup: [ocPd +55.7。(c 1.0’ CHCI3) [lit.^i [a]25p +73.6° (c 0.5，CHCI3)]; 
TLC [Et20/hexane (2:1)] Rf 0.33; IR (neat) 3400, 3070，1379, 1125，1097，1073， 
1052 cm-i; iH NMR (CDCI3) 5 2.69 ( IH, bs)’ 3.38 (3H, s), 3.74-3.85 (3H’ m)’ 
3.99-4.06 (2H, m), 4.14-4.28 (3H, m), 4.77 (IH, d, 7 = 1.2 Hz), 5.18 (IH, dq, J = 
10.5’ 1.4 Hz), 5.29 (IH, dq, J = 17.2, 1.6 Hz), 5.58 (IH，s)，5.83-5.92 (IH, m)’ 
7.34-7.48 (5H, m); MS m/z 322 (M+). 
3-0-Allyl-D-mannopyranose 109. A solution of 108 (1 g, 3.1 mmol) in 30% 
aqueous HCl (30 mL) was heated under reflux for 24 h. The reaction mixture was 
cooled to 0 °C. The aqueous HCl was removed in vacuo and the residue was 
chromatographed on silica gel to give 109 (450 mg, 66%) as a pale yellow syrup. TLC 
[MeOH/CHCb (1:3)] Rf 0.37. The product was immediately used in the next step. 
Pyran 112. NuHCOb (200 mg, 2.4 mmol) was added to a solution of 109 (200 mg, 
0.9 mmol) and /V-methyl hydroxylamine hydrochloride (200 mg, 2.4 mmol) in 80% 
aqueous EtOH (10 mL) and heated under reflux for 2 d. The solution was evaporated 
to dryness and the yellow syrup was immediately used in the next stage without further 
purification. AC2O (1 mL, 9.1 mmol), pyridine (1 mL，12.4 mmol), DMAP (cat. 
amt.) and CH2CI2 (1 mL) were added to the syrup. After 6 h, the mixture was 
evaporated to dryness and the residue was chromatographed on silica gel to give 112 
(160 mg, 37% from 109) as a pale yellow syrup: [ a p D +33.8。(c 1.0’ CHCI3); TLC 
[EtOAc/hexane (3:1)] Rf 0.33; IR (neat) 2950, 2850, 1747，1371, 1227 cm-i; ^H 
NMR (CDCI3) 6 2.02 (6H, s)’ 2.08 (6H, s), 2.60 (3H, s), 3.09-3.14 (2H, m)’ 3.45 
( IH, dd, J = 10.3，1.9 Hz), 3.69 (IH, dd，J = 12.4，3.2 Hz), 3.78 ( IH, 1,7 = 8.7 
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Hz), 4.07 (IH, s)，4.08 (IH, dd, J = 5.2, 17.5 Hz), 4.23 (IH, dd, J = 7.3’ 9.3 Hz)， 
4.39 (IH, dd, J 二 2.5，12.5 Hz), 4.89 (IH, dd, J = 10.2，8.2 Hz), 5.23 (IH, dd, J = 
1.9’ 6.6 Hz), 5.28 (IH, dq’ J = 2.5, 6.4 Hz); " c NMR (CDCI3) 5 21.14 (fours 
carbons), 40.88’ 44.64，62.86，66.25，66.47, 67.99, 68.32, 69.79’ 70.76，76.76， 
169.89, 170.22, 170.63’ 171.00. MS m/z 417 (M+). Anal. Cacld for: CigHzyNOio, 
C, 51.79; H, 6.52; N, 3.36. Found: C, 52.06; H, 6.74; N，3.06. 
3 - 0 - A l l y 1-5,6-carbon ate-1,2-0- i sop ropyl idene-a-D-al lofuranose 113. 
Methyl chloroformate (0.7 mL, 9.1 mmol) was added to a solution of 65 (0.5 g, 1.92 
mmol) and TEA (0.7 mL, 9.1 mmol) in CH2CI2 (5 mL) at 0 °C. The reaction mixture 
was stirred for 3 h and the solvent was removed in vacuo. Et20 (20 mL) was added 
and the mixture was filtered. The solvent was removed in vacuo and the residue was 
chromatographed on silica gel to give 113 (0.53 g, 97%) as colourless crystals: mp 72 
。C; [a]27D+81.7。（c 1.2, CHCI3); TLC [Et20/hexane (3:1)] Rf 0.32; IR (neat) 1801, 
1168’ 1085, 1021 cm-i; ^H NMR (CDCI3) 5 1.37 (3H, s); 1.59 (3H, s); 3.77-3.81 
(4H, m); 3.93-4.01 (IH, m); 4.19-4.28 (2H, m); 4.49 (2H，ddt，J = 2.2, 4.0, 6.9 
Hz); 4.67 (IH, t ,y = 3.85 Hz); 4.92—5.00 (2H, m); 5.23-5.37 (2H, m); 5.77 (IH, d, 
J = 6.8 Hz); 5.84-6.00 (IH, m); MS ni/z 271 (M+-Me). Anal. Cacld for C13H18O7： 
C, 54.54; H’ 6.34. Found: C, 54.58; H，6.18. 
3-0-AllyI-5,6-carbonate-D-allofuranose 114. A solution of 113 (445 mg, 
1.55 mmol) in 90% TFA (3 mL) was stirred for 12 h. The acid was removed in vacuo 
and the residue was chromatographed on silica gel to give 114 (331 mg, 87%) as a 
colourless oil. TLC [EtOAc/hexane (3:1)] Rf 0.34. The product was immediately in 
the next step. 
2-0-Al lyl-4,5-carbonate-30-forniyl-D-r ibose 115. NalCU (4.6 g, 21 mmol) 
was added to a solution of 114 (1.2 g, 4.9 mmol) in 60% aqueous dioxane (70 mL). 
After stirred for 4 h at rt, The reaction mixture was filtered and concentrated to give 
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115 (0.95 g, 80%) as a yellow syrup. The product was immediately used in the next 
stage without further purification. 
2-0-AlIyI-4,5-carbonate-D-ribitol 116. NaBH4 (140 mg, 3.8 mmol) in H2O 
(10 mL) was added to a solution of 115 (0.95 g, 3.9 mmol) in MeOH (10 mL) at 0 °C. 
The mixture was stirred for 6 h at rt and saturated aqueous NH4CI (20 mL) was added slowly. The mixture was extracted with CH2CI2 (3 x 40 mL). The combined extracts 
were washed with saturated aqueous NH4CI (20 mL), dried (MgS04) and filtered. 
The filtrate was concentrated to a yellow syrup and chromatographed on silica gel to give 116 (0.76 g, 90%) as colourless oil: [aj^^j^ +19.3° (c 1.0, CHCI3); T L C 
[EtOAc/hexane (2:1)] Rf 0.31; IR (neat) 3400, 1785, 1187, 1064 cnH; ^H NMR 
(CDCI3) 5 3.38-3.43 (IH, m); 3.65-3.89 (4H, m); 3.93-4.01 (IH, m); 4.10-4.24 (2H，m); 4.45 (IH, t, 7 = 8.4 Hz); 4.58 (IH, t ， = 8.4 Hz); 4.93-5.00 (IH, m); 
5.20-5.35 (2H, m); 5.85 (IH, ddt, J = 10.3, 17.2，6.0 Hz); MS in/z 203 (M+-Me) . 
Anal. Cacld for C9H14O6: C, 49.54; H，6.47. Found: C, 49.15; H, 6.49. 
2-<9-Allyl-D-ribitol 117. NaOMe (cat. amt.) was added to a solution of 116 (1.1 
g, 5.0 mmol) in MeOH (25 mL) and stirred for 1 h. The mixture was concentrated and the residue was chromatographed on silica gel to give 117 (96 g, 100%) as sticky pale 
yellow solid: [a]^^^) +2.22° (c 0.9，MeOH); TLC [MeOH/CHCl〗(1:3)] Rf 0.38; IR 
(neat) 3400，2910, 1420, 1050 cm-i; ^H NMR (D2O) 5 3.57-4.15 (7H, m); 4.13 (2H, 
dd，J 二 1.4，6.0 Hz); 5.25 (IH, dq, J = 10.3，1.4 Hz); 5.33 ( IH, dq, J = 17.2, 1.4 
Hz); 5.97 (IH, ddt, J = 10.3, 17.2’ 6.0 Hz); MS m/z 187. Anal. Cacld for CgHigOs： 
C，49.99; H，8.39. Found: C’ 49.06; H, 8.11. 
2-0-AllyI-4,5-0-isopropylidene-D-ribitoI 118. CSA (cat. amt.) was added to a solution of 117 (0.5 g，2.6 mmol) in acetone (15 mL) and stirred for 1 h. N H 3 
solution (4 drops) was added and the solvent was removed in vacuo. The residue was chromatography on silica gel to give 118 (370 mg, 61%) as a pale yellow syrup: 
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[a]24D+18 .0�(c 1.4，CHCI3); TLC [EtOAc/hexane (2:1)] Rf 0.33; IR (neat) 3450, 
2950’ 1400，1066 cm-i; ^H NMR (CDCI3 ) 5 1.36 (3H, s); 1.43 (3H，s); 3.52 (IH, q, 
7 = 4.5 Hz); 3.73-4.24 (9H, m); 5.20-5.25 (IH, m); 5.26-5.34 (IH, m); 5.84-6.00 
(IH, m); MS m/z 217 (M+-Me). Anal. Cacld for C11H20O5: C’ 56.88; H’ 8.68. 
Found: C，55.89; H, 9.32. 
2-0 -A I l y I - l , 3 -d i -0 -benzy l -4 , 5 -0 - i sop ropy l i dene -D - r i b i t o l 119. 60% 
Sodium hydride (150 mg, 3.8 mmol) was washed with hexane (10 mL x 3) and dry 
THF (3 mL) was added. Compound 118 (255 mg, 1.1 mmol) and benzyl bromide 
(0.4 mL, 3.3 mmol) in THF (3 mL) was added slowly in 0。C. TBAI (cat.amt.) was 
added and heated to reflux for 3 h under nitrogen. Saturated aqueous NH4CI (10 mL) 
was added at 0 °C and the mixture was extracted with CHCI3 (3 x 10 mL). The 
combined extracts were washed with saturated aqueous NH4CI (20 mL), dried 
(MgS04) and filtered. The filtrate was concentrated to a yellow syrup and 
chromatography on silica gel to give 119 (383 mg, 84%) as pale yellow syrup: [aj^s^ 
+22.4° (c 1.2’ CHCI3); TLC [EtaO/hexane (1:5)] Rf 0.36; IR (neat) 2990, 2870， 
1091’ 1027 cm-i; m NMR (CDCI3 ) 5 1.34 (3H, s); 1.41 (3H, s); 3.59-3.81 (4H, 
m); 3.89-4.27 (5H, m); 4.53 (2H, d, 7 = 1.9 Hz); 4.70 (2H，s); 5.16 (IH, dd, J = 
\ 
1.5，10.4 Hz); 5.30 (IH, dq, J = 17.2, 1.6 Hz); 5.83-5.99 (IH, m); 7.25-7.33 (lOH, 
m); MS m/z 412 ( M+). Anal. Cacld for C25H32O5： C，72.79; H, 7.82. Found: C， 
72.75; H,7.82. 
2-0-Al ly l - l ,3-d i -0-benzyl -D-r ib i toI 120. A solution of 119 (260 mg, 0.64 
mmol) in 90% aqueous TFA (3 mL) was stirred for 3 h. The acid was removed in 
vacuo and the residue was chromatographed on silica gel to give 120 (171 mg, 12%) 
as colorless oil: [a]^^^) +19.8° (c l . l , CHCI3); TLC [EtOAc/hexane (3:2)]/?y 0.33; IR 
(neat) 3410，2900, 1450’ 1100 cm-i; ^H NMR (CDCI3 ) 5 3.59-3.90 (6H, m); 4.01-
4.24 (3H, m); 4.55 (2H, s); 4.61 (2H, d, 7 = 3.1 Hz); 5.16-5.31 (2H, m); 5.82-5.98 
(IH, m); 7.26-7.34 (lOH, m); MS m/z 253 (M+-H2O). Anal. Cacld for C22H28O5： 
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C, 70.95; H，7.58. Found: C，70.61; H, 7.56. 
3-0-Allyl-2,4-di-0-benzyl-L-threose 121. NalO* (1 g，4.7 mmol) was added 
to a solution of 120 (0.40 g, 1.07 mmol) in 60% aqueous dioxane (15 mL) and stirred 
for 3 h at rt. The reaction mixture was filtered and concentrated to give 121 as a pale 
yellow syrup (0.3 g，82%). The product was immediately used in the next stage 
without further purification. 
Pyran 123. NaHC03 (0.3 g’ 3.6 mmol) was added to a solution of 121 (0.3 g, 0.9 
mmol) and //-methyl hydroxylamine hydrochloride (0.3 g，3.6 mmol) in 80% aqueous 
EtOH (10 mL) and heated under reflux for 7 h, The reaction mixture was filtered and 
the filtrate was extracted with CHCI3 (3 x 30 mL). The combined extracts were 
washed with saturated aqueous NH4CI (20 mL), dried (MgS04) and filtered. The 
filtrate was concentrated to a yellow syrup and chromatograped on silica gel to give 
123 (0.22 g’ 70%) as colourless crystals: mp 67 [cxPd -16.1。(c 1.2’ CHCI3); 
TLC [EtjO/hexane (3:1)] Rf 0.32; IR (neat) 2860, 1410，1106, 1074 cm-i; ^H NMR 
(CDCI3) 6 2.65 (3H, s); 2.98-3.09 (IH, m); 3.18 (IH, t, 7 = 7.2 Hz); 3.33-3.49 
(2H, m); 3.60 (IH, dd, J = 5.5，10.5 Hz); 3.72-3.80、(3H，m); 4.05 (IH, d, 7 = 12.4 
Hz); 4.21 (IH, dd, J = 7.3, J = 9.8 Hz); 4.51-4.61 (3H, m); 4.96 (IH, d，/ = 11.3 
Hz); 7.20-7.34 (lOH, m); 13c NMR (CDCI3) 5 40.14，43.68, 64.72, 67.82，69.85， 
70.69，73.17, 73.64，73.96, 78.61, 127.07，127.16, 127.41, 127.90，127.95, 
138.04，138.60. MS m/z 278 (M+-C7H7). Anal. Cacld for C22H27NO4： C，71.52; 
H, 7.73; N，3.79. Found: C，71.27; H, 7.30; N, 3.51. 
2,3 :5 ,6 -D i -0 - i sopropy l idene-a-D-mann i t io l 125. NaBH4 (120 mg, 2.6 
mmol) in H2O (5 mL) was added dropwisely to a solution of 2，3:5’6-Di-0-
isopropylidene-a-D-mannofuranose 124 (1,35 g, 5.2 mmol) in MeOH (10 mL) and 
stirred at rt for 6 h. Saturated aqueous NH4CI (20 mL) was added and the mixture was 
extracted with CHCI3 (3 x 30 mL). The combined extracts were washed with saturated 
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aqueous NH4CI (20 mL), dried (MgS04) and filtered. The filtrate was concentrated to 
a yellow syrup and chromatographed on silica gel to give 125 (1.3 g, 98%) as 
colourless needles: mp 46。C ( l i t . " mp 47-48 °C); [cxPd-10.5° (c 1.1，CHCI3); 
TLC [EtOAc/hexane (2:1)] Rf 0.34; IR (neat) 3450, 2970, 2930, 1390, 1057 cm-i; ^H 
NMR (CDCI3 ) 5 1.34 (3H, s); 1.38 (6H, s); 1.50 (3H, s); 2.54 (IH, t, 7 = 5.9 Hz); 
3.05 (IH, d, 7 = 6.4 Hz); 3.57 (IH, 1, J = 5.9 Hz); 3.78-3.90 (2H, m); 3.99-4.15 
(3H, m); 4.25-4.32 (IH, m); 4.37 (IH, dd, J = 1.4，7.3 Hz); MS in/z 247 (M+-Me). 
2,3:5 ,6-Di -0- isopropyI idene- l -0- t -buty ld imethy ls i Iy l -D-manni to l 126. 
TBSCl (0.6 g, 3.8 mmol) in CH2CI2 (5 mL) was added to a solution of 125 (1 g, 3.8 
mmol), imidazole (0.5 g，7.2 mmol) and DMAP (cat. amt.) in CH2CI2 (10 mL) at 0。C. 
The mixture was stirred for 12 h and then saturated aqueous NH4CI (20 mL) was 
added. The mixture was extracted with CH2CI2 (40 mL x 3). The combined extracts 
were washed with saturated aqueous NH4CI (20 mL), dried (MgSO-) and filtered. The 
filtrate was concentrated to a yellow syrup and chromatographed on silica gel to give 
126 (1.35 g, 95%) as a pale yellow syrup: [ a p D - 1 6 . 6 ° (c 1.0，CHCI3); TLC 
[EtzO/hexane (1:3)] Rf 0.48; IR (neat) 2955, 2934, 1380, 1214，1068 cm-i; iH NMR 
(CDCI3 ) 5 0.01 (6H, s); 0.79 (9H, s); 1.25 (3H’ s); 1.28 (3H, s); 1.30 (3H, s); 1.39 
(3H, s); 3.08 (IH, d, y = 6.0 Hz); 3.53-3.59 (IH, m); 3.72 (IH, dd, J = 3.9, 10.9 
Hz); 3.86-4.05 (4H, m); 4.13 (IH, dt，J = 3.9, 6.5 Hz); 4.28 ( IH, dd, J = 0.7，4.8 
Hz); MS in/z 361 (M+-Me). Anal. Cacld for CisHsfiOeSi: C，57.41; H, 9.64. Found: 
C，57.47; H，9.63. 
4-0-Al ly l -2 ,3 :5 ,6-Di -0- isopropy l idene- l -0- t -buty ld imethy ls i ly l -D-
mannitol 127. 60% Sodium hydride (0.1 g, 2.5 mmol) was washed with dry hexane 
(3 X 10 mL) and then THF (20 mL) was added. Allyl bromide (0.3 mL, 3.7 mmol) 
and 126 (0.44 g, 1.17 mmol) were added to the hydride solution very slowly at 0 °C. 
After the addition, the reaction mixture was heated under reflux for 2 h. Saturated 
aqueous NH4CI (30 mL) was added very slowly at 0 °C and the solution was extracted 
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with CHCI3 (3 X 50 mL). The combined extracts were washed with saturated aqueous 
NH4CI (20 mL), dried (MgSOj) and filtered. The filtrate was concentrated to a yellow 
syrup and chromatographed on silica gel to give 127 (0.48 g, 98%) as a colourless oil: 
[ a p D -6.6° (c 1.2，CHCI3); TLC [EtzO/hexane (1:3)] Rf 0.71; IR (neat) 2955, 2933， 
1253, 1096 cm-1; ^H NMR (CDCI3 ) 5 0.00 (6H，s); 0.83 (9H, s); 1.25 (6H, s); 
1.33(3H, s); 1.37 (3H, s); 3.68-3.79 (3H, m); 3.94-4.18 (6H, m); 4.29 (IH, ddt, J 
=5.1，13.1, 1.6 Hz); 5.05 (IH, dq’ J = 10.4, 1.6 Hz); 5.23 (IH, dq, J = 17.2，1.6 
Hz); 5.76-5.91 (IH, m); MS m/z 401 (M+-Me). Anal. Cacld for CziHAoO^Si: C, 
60.54; H, 9.68. Found: C, 60.66; H, 9.69. 
4-0-Al ly I -2,3:5,6-Di - (9 - isopropyl idene-D-manni to l 128. A solution of 
TBAF (1 mL, 1 mmol) in THF was added to 127 (230 mg, 0.55 mmol) and stirred for 
1 h. The solvent was removed in vacuo and the residue was chromatographed on silica 
gel to give 128 (165 mg, 99%) as a yellow syrup: [ a p D +49.4。(c 1.1，CHCI3); TLC 
[EtiO/hexane (1:1)] Rf 0.23; IR (neat) 3470, 2986, 1380, 1245, 1058 cm-i; iH NMR 
(CDCI3) 5 1.27 (3H, s); 1.30 (3H, s); 1.35 (3H, s); 1.43 (3H, s); 2.24 (IH, dd, J = 
5.4’ 7.1 Hz); 3.56-3.67 (3H, m); 3.68-3.91 (IH, m); 4.00-4.21 (6H, m); 5.11 (IH, 
dq, J = 19.8，1.7 Hz); 5.22 (IH, dq, J = 17.2, 1.7 Bz)\ 5.76-5.91 (IH, m); MS m/z 
\ 
287 (M+-Me). Cacld for C15H26O6： C, 59.58; H, 8.67. Found: C，59.37; H, 8.70. 
4-0-Al ly l -2,3:5,6-Di-0- isopropyl idene-D-mannose 129. AcOH (0.1 mL) 
was added to a mixture of 128 (1 g，3.3 mmol), PDC (2 g, 5.3 mmol) and 4入 
molecular sieves (6 g) in dry CH2CI2 (40 mL). The mixture was stirred for 1.5 h and 
celite (3 g) was added. The mixture was filtered through silica gel and the solvent was 
removed in vacuo. The residue was chromatographed on silica gel to give 129 (0.84 g, 
85%) as a pale yellow syrup. The product was immediately used in the next step. 
Oxepane 131 and oxepane 132. NaHCOs (0.16 g, 2.4 mmol) was added to a 
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solution of 129 (210 mg, 0.66 mmol) and /V-methyl hydroxylamine hydrochloride 
(0.2 g，2.4 mmol) in 80% aqueous EtOH (15 mL) and heated under reflux for 7 h. The 
reaction mixture was cooled to rt and filtered. The filtrate was extracted with CHCI3 (3 
X 30 mL). The combined extracts were washed with saturated aqueous NH4CI (20 
mL), dried (MgSO*) and filtered. The filtrate was concentrated to a yellow syrup and 
chromatographed on silica gel to give 131 (15 mg, 7%) as colourless crystal and 132 
(0.12 g’ 56%) as a yellow syrup. 
131: mp 140。C; [(X]24d +51.3。(c 1.1, CHCI3); TLC [EtOAc] Rf 0.39; IR (neat) 2986， 
2877, 1380, 1260, 1136 cm-i;〖H NMR (CDCI3) 5 1.36 (3H, s); 1.39 (3H, s); 1.43 
(3H, s); 1.55 (3H, s); 2.45 (IH，bd, J = 2.8 Hz); 2.76 (3H, s); 3.25-3.34 (3H, m); 
3.47 (IH, t, 7 = 7.5 Hz); 3.89-4.29 (5H, m); 4.43-4.51 (2H, m); i^c NMR 5 
(CDCI3): 24.19, 25.04, 25.80，26.79, 43.35, 45.02, 65.62, 67.28, 71.68，72.51, 
74.87 (two carbons), 75.33, 81.70，109.05, 109.27; MS m/z 329 (M+). Anal. Cacld 
for C16H27NO6： C，58.34; H’ 8.26; N, 4.25. Found: C, 57.95; H, 8.20; N, 4.15. 
132: [a]25j) -72.3° (c l . l , CHCI3); TLC [EtOAc] Rf 0.32; IR (neat) 2986, 1371， 
1243，1092 cm-i; ^H NMR (CDCI3) 5 1.29 (3H, s); 1.31 (3H，s); 1.36 (3H, s); 1.47 
(3H, s); 2.51-2.67 (IH, m); 2.74 (IH, d, 7 = 10.6 Hz); 2.79 (3H, s); 3.40-3.46 (2H， 
m); 3.55 (IH, t，/ 二 ll.OHz)，3.80-3.89 (3H, m); 4.00-4.07 (2H, m); 4.15-4.21 
(IH, m); 4.31 (IH, dd, J = 6.0’ 0.9 Hz); ^^c NMR 5 (CDCI3): 24.93, 25.60, 26.63, 
27.87’ 43.27，45.22, 66.59’ 66.95, 69.81，72.12, 74.05，74.91’ 76.06, 78.70， 
108.16，108.97; MS m/z 329 (M+). Anal. Cacld for C16H27NO6： C, 58.34; H, 8.26; 
N，4.25. Found: C, 58.66; H, 8.03; N，4.11. ‘ 
3 - 0 - B u t e n y l - l , 2 : 5 , 6 - c l i - 0 - i sopropy l idene-a-D-g luco fu ranose 133. 
Sodium hydride (1.5 g, 10.2 mmol) was washed with hexane (3 x 20 mL) and then 
DMF (100 mL) was added. Diacetone glucose 61(1 g, 3.8 mmol) was added to the 
mixture very slowly at 0 °C and stirred for 1 h. The mixture was heated to 100 °C for 
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12 h. The reaction mixture was cooled to rt and saturated aqueous NH4CI (20 mL) was 
added. It was extracted with CHCI3 (3 x 30 mL). The combined extracts were washed 
with saturated aqueous NH4CI (20 mL), dried (MgSO》and filtered. The filtrate was 
concentrated to a yellow syrup and chromatographed on silica gel to give 133 (0.7 g, 
59%) as pale yellow syrup: [ocPd -30.0° (c 1.1，CHCI3) [lit.43 -31。(c 0.76, 
CHCI3)]; TLC [EtOAc] Rf 0.32; IR (neat) 2987, 1372，1218, 1083，1019 cm-i; ^H 
NMR (CDCI3 ) 5 1.32 (3H，s); 1.38 (3H, s); 1.50 (3H, s); 1.57 (3H, s); 2.32 (2H, qt, 
J = 6.6, 1.3 Hz); 3.54-3.68 (2H, m); 3.87 (IH, d, 7 = .0 Hz); 3.95—4.15 (3H, m); 
4.31 (IH, dt, J = 7.3, 6.0 Hz); 4.53 (IH, d, 7 = 3.3 Hz); 5.01-5.14 (2H’ m); 5.76-
5.88 (2H, m); MS ni/z 299 (M+-Me). 
3 - (9 - B u t e n y l - l , 2 - 0 - i s o p r o p y l i d i n e -a-D - x y l o - p e n t o d i a l o - l , 4 - f u r a n o s e 
135. Periodic acid (0.40 g, 1.80 mmol) was added to a solution of 133 (188 mg, 
0.60 mmol) in Et20 (15 mL). After 20 h, the reaction mixture was filtered and the 
solvent was removed in vacuo to give 135 (108 mg, 75%) as a pale yellow syrup. It 
was immediately used in the next stage without further purification. 
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